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1.0 INTRODUCTION

Presented herein, is the revised Phase I Corrective Measures Study (CMS) Report for the
Refined Metals Corporation (RMC) facility in Beech Grove, Indiana. Pursuant to the CMS
Work Plan, approved by USEPA in a letter dated Novembér 5, 2003, this report has been
prepared to present the results of the additional sampling activities and the preliminary risk
assessment results. The original version was submitted on June 22, 2004. This submission has
been revised to reflect the comments made by the USEPA in a letter dated January 18, 2005.
This revision also includes changes made in response to USEPA comments in a letter dated
August 17, 2004 and communications between USEPA and Refined subsequent to the January
18, 2005 letter. A description of the activities is provided in the following sections. Copies of
the revised CMS Activities Summary Report and revised Baseline Human Health Risk

Assessment are provided as attachments.
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2.0 FIELD ACTIVITIES

Based on an evaluation of previous investigation results following the Phase I1 RCRA Facility
Investigation (RFI), a determination was made that additional characterization sampling was
required for sediment and groundwater at the RMC Site. The sediment sampling consisted of
collecting additional samples from the drainage ditch along the CSX Transportation railroad
right-of-way north of the facility and from the grass lined drainage ditch along the west side of
Arlington Avenue. Sediment samples were collected from six locations along the railroad
drainage ditch and four locations in the Arlington Avenue drainage ditch. Two samples were
collected at each location. Along Arlington Avenue, one sample was collected from the 0 to 6-
inch depth and the second from the 6 to 12-inch depth. Along the railroad right-of-way, they
were collected from 0 to 3 inches and 3 to 10 inches. The depth of the railroad samples was
consistent with the requirements for soil samples, although they were intended to be consistent
with the 0 to 6-inch and 6 to 12-inch depths for sediment samples. The change in depth was
inadvertent and was not detected until review of sampling logs after the completion of sampling.
For the metals included in the analysis, the shallower depths likely provide higher concentrations
in the 0 to 3-inch and 3 to 10-inch samples when compared to a 0 to 6-inch sample or 6 to 12-

inch sample, respectively, from the same location,

Groundwater sampling included the installation of three piezometers in the area north and east of
the former manufacturing area. The piezometers were installed with the intent of further refining
groundwater flow direction prior to selection of locations for the new monitoring wells. The
piezometers were allowed to set for 24 hours before groundwater level measurements were taken
from the existing shallow monitoring wells at the north end of the former manufacturing area and
the piezometers. Groundwater flow direction was re-assessed based on the measurements and
the locations for two new groundwater-monitoring wells were selected. The new groundwater
monitoring wells were installed using hollow stem auger (HSA) drilling techniques. The
piczometers were abandoned after groundwater level measurements were taken. Groundwater
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samples were collected from all the Site groundwater monitoring wells between October 26 and

28, 2003 using low flow sample collection techniques.

A complete description of the sediment and groundwater sampling activities is provided in the
revised Phase | CMS Activities Summary Report which is provided as Attachment 1 to this
report. No changes were made to the Phase I CMS Activities Summary Report since submission

of the October 12, 2004 submission.
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3.0 ANALYTICAL RESULTS

3.1 GROUNDWATER

Shallow groundwater at the Site is perched and discontinuous and is not used for any purpose.
Groundwater samples collected from the shallow groundwater monitoring wells in the north end
of the former manufacturing area (MW-2, 7 and 8) gave unfiltered results for total lead in excess
of the Indiana Department of Environmental Management (IDEM) Residential Default RISC
Criteria (15 ug/L). Analysis of filtered groundwater samples from those wells for lead from the
same sampling event were at or below the IDEM Residential Default RISC Criteria. Filtered and
unfiltered results for arsenic in MW-1, MW-2, MW-7 and MW-8, and unfiltered results only for
MW-3, MW-5 and MW-10 were above the background concentration for arsenic (8.5 pg/l)
calculated in the Phase II RFI. No other parameters for MW-2, MW-7 and MW-8 or any of the
parameters analyzed for any other well on-site exceeded the IDEM Residential Default RISC

Criteria.

3.2 SEDIMENT

Concentrations of lead in the shallow surface sediment samples collected at the depth of 0-3
inches ranged from 617 mg/kg to 14,800 mg/kg and concentrations or arsenic ranged from 12
mg/kg to 169 mg/kg at this depth. Concentrations of lead in the shallow surface sediment
samples collected at the depth of 0-6 inches ranged from 411 mg/kg to 874 mg/kg and
concentrations of arsenic ranged from 11 mg/kg to 12 mg/kg at this depth. The calculated
background for arsenic in shallow surface soil (10.5 mg/kg) was exceeded in all samples. The
cleanup level for lead calculated in the Human Health Risk Assessment (Attachment 2)(15,916

m/kg) was not exceeded in these samples.

FAOFICEAGC\PROJECTS\Files\2003-1046\Reports\CMS 5-6-05\Phase I text.doc 3 1



RMC Beech Grove

Phase I CMS Report

Revised May 6, 2005

Concentrations of lead in the subsurface sediment samples collected at the depth of 3-10 inches
ranged from 403 mg/kg to 15,700 mg/kg and concentrations of arsenic ranged from 9 mg/kg to
216 mg/kg at this depth. Concentrations of lead in the samples collected at the depth of 6-12
inches ranged from 24 mg/kg to 1,470 mg/kg and concentrations of arsenic ranged from 8.3
mg/kg to 15 mg/kg at this depth. The calculated background concentrations for arsenic in
subsurface soil (7.9 mg/kg) was exceeded in all samples. The calculated cleanup level for lead

(15,916 mg/kg) was not exceeded in these samples.
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4.0 PRELIMINARY RESULTS OF RISK ASSESSMENT

Gradient Corporation (Cambridge, MA) conducted the Baseline Human Health Risk Assessment
(Risk Assessment) for RMC. Pursuant to the CMS Work Plan, the Risk Assessment evaluated a
variety of exposure scenarios for lead and arsenic for workers at the facility and on the adjacent
Citizens Gas property. The evaluation determined that the calculated risk for existing arsenic
levels at the Site are within the USEPA target risk ranges for the exposure scenarios evaluated.
The lead risk evaluation determined that soil lead concentrations in some areas of the Site create
a predicted (95% UCL) blood lead >10ug/dl for the construction worker in the “on-site” area,

and for the groundskeeper and plant worker in the “grassy area”.

Results of the risk assessment for lead include a Preliminary Remediation Goal (PRG) for each
of the exposure scenarios which predict a 95% UCL blood lead >10 ug/dl. The model also
provides a Remedial Action Level (RAL), which represents the soil cleanup concentration that
will result in remaining soil having an average soil lead concentration less than the PRG. The
concept of a RAL is consistent with the adult lead model, which recognizes that the model
evaluates exposure on an area wide basis. This means that soils with concentrations exceeding
78,900 mg/kg must be remediated in the “on-site” area to result in an average lead concentration
less than 4,601 mg/kg. For the grassy site area (which also includes the wooded areas), the PRG
and RAL are 3,195 and 16,700 mg/kg, respectively. The PRG for the Citizens Gas property is
1,840 mg/kg, which is higher than the average soil lead concentration; therefore, no remediation

is necessary on the Citizens Gas property.

The complete Baseline Human Health Risk Assessment report is provided as Attachment 2.
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5.0 CONCLUSION

Based on the results of the Risk Assessment, risk estimated for arsenic fall within the USEPA
target risk range and the /fﬁtofél hazard index are all well below 1.0. Based on this analysis, no

soil remediation is believed to be necessary for arsenic.

A conclusion of the Baseline Human Health Risk Assessment is that soil remediation is
necessary in the “on-site” plant area to remove subsurface soil with total lead concentrations that
exceed the calculated RAL of 78,900 mg/kg. Because the exposure scenario assumes a worker
who is performing intrusive activities, this standard is being applied to areas with and without

pavement.

For the “grass areas”, which includes all areas of the site excluding the “on-site” area, the RAL is
16,700 mg/kg for surface soils and no remediation is required for subsurface soils (i.e., soils
deeper than 6 inches). Additionally, because the exposure scenario anticipates a non-intrusive
use, no removal will be proposed beneath areas of existing pavement. The drainage dltches are

considered to be part of the “grass areas” and will therefore be remediated to the 16 700 mg/kg
RAL.

Additional sediment sampling is proposed in the drainage ditch that drains around the west side
of the Citizens Gas property from the railroad right of way. A description of the proposed
sampling is provided in the CMS Activities Summary Report.
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1.0 INTRODUCTION

1.1 GENERAL

This Corrective Measures Study Activities Summary Report has been submitted by Advanced
GeoServices Corp. (AGC) on behalf of Refined Metals Corporation (RMC). This report presents
and discusses the methods and procedures used to implement the scope of work as proposed in
the Phase II RCRA Facility Investigation (RFI) Report. Groundwater monitoring well
installation and sampling activities were conducted by AGC. These activities consisted of
installing three piezometers and two groundwater monitoring wells, groundwater sampling and
sediment sampling at on-site and off-site locations. Laboratory sample analysis was performed

by TriMatrix Laboratories Inc. (TriMatrix) of Grand Rapids, Michigan.

The RMC facility was the location of secondary lead smelting operations from 1968 through
1995. RMC was involved in the reclamation of lead from used automotive and industrial
batteries and other lead bearing materials. The Site ceased smelting operations on December 31,
1995. Additional background and facility operation can be found in the Phase II RCRA Facility
Investigation Report, dated November 18, 2002.

During its operational life, the facility handled materials that were classified as hazardous
materials or hazardous wastes under the Resource Conservation and Recovery Act (RCRA). At
this time, the Site is idle except for the wastewater treatment system which remains in operation.
The wastewater treatment system remains in place to collect and treat stormwater runoff from the

lined lagoon and other Site areas.
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2.0 WELL INSTALLATION ACTIVITIES

2.1 INTRODUCTION

Background and facility operation information can be found in the Phase II RCRA Facility
Investigation Report, dated November 18, 2002. During the Corrective Measures Study (CMS)
three temporary piezometers and two groundwater monitoring wells were installed by Boart
Longyear, Environmental Division, from Greensberg, Indiana. The three piezometers were
installed using a truck mounted Geoprobe in the area north and east of the former manufacturing
area. The piezometers were installed for the purpose of refining groundwater flow prior to
selection of locations to install two new wells. Geoprobe borings were advanced into the
shallow perched groundwater and the piezometer was constructed using a one (1) inch diameter

PVC 0.010 screen. The piezometers were constructed on September 4, 2003 as follows:

Depth of Depth of Screen GW Elevation
Boring Piezometer Length 9/05/2003
GP-1 20° 18.0° 15° 837.63
GP-2 15° 14.8° 10° 839.30
GP-3 25’ 23.5° 15 877.89

Groundwater level measurements were taken from the existing monitoring wells north of the
former manufacturing area and piezometers on September 5, 2003 and the locations for two new

groundwater-monitoring wells were selected.

- The two groundwater monitoring wells were installed between September 8-10, 2003 and
designated as MW-10 and MW-11. Groundwater monitoring well MW-10 is located east of
MW-2 within the wooded area as shown on Figure 2-1. The depth of the boring for MW-10 was
recorded to be 36 feet below ground surface (bgs). Groundwater monitoring well MW-11 is

located approximately 156 feet east of MW-8 along the fence line of Arlington Avenue. The
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depth of the boring for MW-11 was measured at 30 feet bgs. The locations of both wells

installed are shown on Figure 2-1.

2.1.1 Drilling Methods

The soil borings were advanced using hollow stem auger (HSA) techniques and continuous split
spoon samples were collected in accordance with ASTM D 1586. The logs for the borings and
well construction completed as part of this investigation are included in Appendix A. The
samples recovered from the advancement of the deep borings were logged and described using

USCS soil classification.

2.1.2  Groundwater Monitoring Well Construction

The monitoring wells were constructed using a 4-inch ID, flush-threaded, Schedule 40 PVC riser
with a 10-foot length of factory-slotted 0.010-inch PVC well screen. A sand pack was placed to
2 feet above the top of the monitoring well screen with No. 5 sand. A minimum 2-foot thick

bentonite seal was placed on top of the sand pack.

All monitoring wells were completed with a steel protective casing with a locking cap. The
protective casing extends from an approximate depth of 3 feet bgs to approximately 2 feet above
ground. A neat cement seal was placed around the protective casing to a depth of 2.5 to 3 feet

bgs. A 2-foot square well pad was installed so that the surface slopes away from the well.

2.1.3 Groundwater Monitoring Well Development Method

Each groundwater monitoring well installed as part of this Corrective Measures Study field
activities were developed using the surge-block and pump method. Groundwater monitoring
wells were first surged using a plunger-type surge block assembly. This provides the necessary
turbulence in and immediately surrounding the well screen to remove fine-grained material. The

wells were then purged and developed by continuous pumping using a electric submersible
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pump. Well development ceased when the development water in each well was relatively

sediment free, exhibited a satisfactory visual clarity and yield.

2.2  GROUNDWATER SAMPLING

2.2.1 Groundwater Well Evacuation

Following the installation of the two additional groundwater monitoring wells, groundwater
samples were collected. The sampling event took place on October 26-29, 2003. Groundwater
samples were obtained from groundwater monitoring wells MW-1, MW-2, MW-3, MW-4, MW-
5, MW-6SR, MW-7, MW-8, MW-9, MW-10 and MW-11. A total of 11 groundwater samples
were collected at the Site (excluding QA/QC samples). A low-flow sampling technique was
employed to more accurately determine the potential for site-related constituents which may

have entered the groundwater.

Each groundwater monitoring well was purged using a stainless steel low-flow bladder pump
placed at the midpoint of the screen in each well. The wells were purged at a flow rate ranging
from 100 to 300 milliliters per minute mls/min, depending on the yield of the well. A flow-
through cell was used to measure the following field parameters: pH, temperature, conductivity,
redox potential, and dissolved oxygen prior to contact with oxygen. These parameters were
collected at 3 to 5 minute intervals during purging event. Turbidity was also measured at the
same time interval. The wells were purged until the field parameters stabilize to within 10%

over three readings and pH readings differ by less than 0.1 unit.

2.2.2  Groundwater Sample Collection

Once the field parameters had stabilized, samples were collected directly from the pump
discharge line into laboratory-supplied bottles containing the necessary preservatives at a

sampling flow rate of 100 to 300 mls/min.
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Sample containers were labeled with a unique identifying number, time and date of sample
collection, requested analysis, preservative, and the initials of the sample collector. Samples
were packed on ice and shipped to TriMatrix Laboratories Inc. for analysis of eight RCRA
metals and antimony (SW-846 6010). Samples for dissolved metals analyses were field filtered
through a dedicated disposable Nalgene 0.45 um membrane filter immediately after collection
and prior to preservation. The sample was decanted into the dedicated, Nalgene disposable
filtration unit and filtered under vacuum pressure created by a hand-held pump. The sample was

then immediately transferred to a laboratory supplied bottleware.
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3.0 SEDIMENT SAMPLING

Sediment samples were collected from four locations along the drainage ditch running parallel to
Arlington Avenue and from six locations along the CSX rail line drainage ditch. The samples
collected along the Arlington Avenue drainage ditch were designated R2SED-11 through
R2SED-14. The samples collected along the CSX line were designated R2SB25 through R28B-
30. The location of the sediment samples are presented on Figure 3-1. The CMS Work Plan
specified collection of two sediment samples from each location at depths of 0 to 6 inches and 6
to 12 inches. Along Arlington Avenue, the samples (designated R2SED-11 through R2SED-14)
were collected from the 0 to 6-inch depth and the 6 to 12-inch depth as specified for sediment
samples. Along the CSX railroad right-of-way, the samples (designated R2SB25 through R2SB-
30) were inadvertently collected following the sample intervals utilized for soil sampling of 0 to
3 inches and 3 to 10 inches. The deviation was not identified until after the completion of
sampling activities. The data has been retained and presented in this report, however the results
are likely biased towards a higher concentration than the intended sample depths would have
produced. This is because off-site sediment impacts from facility operations are likely
attributable to stormwater runoff and/or air deposition and because metals are not expected to

migrate vertically any applicable distance. For this reason, it is expected that impacts from

facility operations would be greater near the surface and would relapse rapidly with depth.

The depth of collection was placed as a suffix to each sample location to delineate in which
depth the result is correlated. All sediment samples were collected using decontaminated hand
augers. The sediment from each interval was thoroughly homogenized in an aluminum mixing
pan and was placed directly into a laboratory supplied jar. Each sediment sample was then
placed on ice for shipment and was submitted to TriMatrix to be analyzed for arsenic and lead

(EPA Method SW-846 6010B).
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4.0 RESULTS

4.1 GROUNDWATER

4.1.1 Groundwater Screening

Arsenic and lead are the two site constituents of concern (COCs) that were detected at levels
above the concentrations used for initial groundwater screening purposes. A background
concentration was calculated for initial screening of arsenic in groundwater. The background
concentrations for arsenic in groundwater has been calculated to be 8.5 pg/l, which is the mean
concentration taken from MW-9 plus one standard deviation. The current EPA Region 9
Preliminary Remediation Goals for Tap Water do not provide a standard for lead in groundwater;
therefore, we are utilizing the Indiana Department of Environmental Management (IDEM)
Residential Default RISC criteria of 15 pg/l. The IDEM Residential Default RISC criteria for
arsenic is 50 pg/l.

4.1.2 Groundwater Sampling Results

The analytical results for samples collected from the on-site wells for the groundwater sampling
event are presented in Table 4-1. A groundwater surface map is shown as Figure 4-1. October

2003 sample results are provided in Figure 4-2.

Total arsenic was found in groundwater samples at concentrations ranging from 1.3 pg/l in MW-
4 to 290 pg/l in MW-7. Arsenic concentrations were detected above the background
concentration in MW-1 (24 ug/l), MW-2 (15 pg/l), MW-3 (28 ug/l), MW-5 (8.8 ug/l), MW-7
(290 pg/l), MW-8 (19 pg/l) and MW-10 (24 pg/l). Only MW-7 exceeded the IDEM Residential

Default RISC Criteria for arsenic in groundwater.
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Total lead was found in groundwater samples at concentrations ranging from below laboratory
detection level in MW-1, MW-3, MW-4, MW-10, and MW-11 to 217 pg/l in MW-7. Lead
concentrations were detected above the IDEM Residential Default Risk Criteria concentration in
MW-2 (44 pg/l), MW-7 (217 pg/l) and MW-8 (55 pg/l). The only filtered sample at or above 15
ngl was MW-8 at a concentration of 15 pgl.

42  SEDIMENT

4.2.1 Sediment Screening

Arsenic and lead are the two site constituents of concern (COCs) that were detected at levels
above their initial screening levels for soil and sediment. Samples collected from the drainage
ditches are referred to as sediment in this report; however, because of the physical character of
the material sampled and geomorphic setting, they are compared to the soil standards. The
calculated background arsenic in soil concentrations are 10.53 mg/kg for surface soil (0-3 inch)
and 7.91 mg/kg (>3 inches) for subsurface soils. Based on the Baseline Human Health Risk
Assessment (Attachment 2), the target cleanup level for lead in soil at the Site is 15,916 mg/kg

for surface (0-6 inches) soil.

4.2.2 Sediment Sampling Results

The validated analytical results for the sediment samples collected within the drainage ditch
along Arlington Avenue and the drainage ditch along the CSX rail line are provided in Table 4-2,
and a copy of the validation report is provided in Appendix B.The depth of collection was placed

as a suffix to each sample location to delineate to show to which depth the result is correlated.
Concentrations of lead in the samples collected at the depth of 0-3 inches ranged from 617 mg/kg

at R2SB25 to 14,800 mg/kg at R2SB29, and concentrations of arsenic ranged from 12 mg/kg at
R2SB30 to 169 mg/kg at R2SB26 at this depth. The calculated background concentration for
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arsenic was exceeded in all samples. The Baseline Human Health Risk Assessment (HHRA)

cleanup level for lead was not exceeded in these samples.

Concentrations of lead in the samples collected at the depth of 0-6 inches ranged from 411 mg/kg
at R2SED-12 to 874 mg/kg at R2SED-11, and concentrations of arsenic ranged from 11 mg/kg at
R2SED-14 and R2SED-12 to 12 mg/kg at R2SED-11 and R2SED-13 at this depth. Table 4-2
presents lead and arsenic results within this depth interval. The calculated background
concentration for arsenic was exceeded in all samples. The HHRA cleanup level for lead was

not exceeded in these samples.

Concentrations of lead in the samples collected at the depth of 3-10 inches ranged from 403
mg/kg at R2SB28 to 15,700 mg/kg at R2SB29, and concentrations of arsenic ranged from 9
mg/kg at R2SB30 to 216 mg/kg at R2SB29 at this depth. Table 4-2 presents lead and arsenic
results within this depth interval. The calculated background concentration for arsenic was

exceeded in all samples. The HHRA cleanup level for lead was not exceeded in these samples.

Concentrations of lead in the samples collected at the depth of 6-12 inches ranged from 24 mg/kg
at R2SED-14 to 1,470 mg/kg at R2SED-11, and concentrations of arsenic ranged from 8.3 mg/kg
at R2SED-13 to 15 mg/kg at R2SED-11 at this depth. The calculated background concentration
for arsenic was exceeded in all samples. The HHRA cleanup level for lead was not exceeded in

these samples.
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5.0 SUMMARY

The following are drawn from the findings of the Corrective Measures Study activities:

Groundwater

Sediment

Thin discontinuous zones of higher permeability glacial soils in (sand) clayey silt

and silty clay characterize the shallow zone of saturation.

Potentiometric groundwater maps for the shallow wells indicate a high point in
the vicinity of MW-1. Those maps also show a trough in the groundwater surface
oriented north-south through MW-8, MW-6SR and MW-4. The presence of the
trough is believed to be the result of the discontinuous semi-confined zones of
saturated sand or a groundwater mounded created by periodic standing water in

the flat lawn area between the paved manufacturing areas and Arlington Avenue.

Arsenic concentrations exceeded the calculated background concentration in all

but four of the samples tested.

Lead detected above the IDEM Residential Default RISC Criteria is limited to
MW-28 (18 pg/l), MW-7S (217 ng/l) and MW-8S (28 pg/l) immediately north of

the manufacturing area where elevated soil lead concentrations exist.

Elevated arsenic in sediment in the drainage ditch along the CSX line northeast of
the Site indicate that off-site transport of sediment has probably occurred. To
further delineate these impacts, additional sediment samples shall be collected
from the drainage channel that begins at the rail road right-of-way between RS2B-
26 and RS2B-27 and flows across the Citizens Gas property. Nine (9) additional
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locations will be sampled. Similar to sediment samples previously collected
along the CSX line, the samples will be uniformly distributed at approximately
200 feet on-center. Sampling will be performed following the criteria established

for sediment samples in the Phase 2 RFI Work Plan.
. The most downstream sediment samples from the grass lined swale along
Arlington Avenue are below 100 mg/kg total lead. Based on this result no

additional sampling is proposed along Arlington Avenue.

. All sediment sample results for lead are shown to be below the RAL calculated in

the Baseline Human Health Risk Assessment.
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APPENDIX A
Geoprobe and Monitoring Well Logs
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BOART LONGYEAR

FIELD BORING LOG

1

Adv. Geoservices Refined Metals Job No. 3417-1807-36
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OUND While drilling Time after drilling Stat  9/9/03
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BOART LONGYEAR FIELD BORING LOG _ Sheet 1 Of 1
FOR Adv. Geoservices Refined Metals JobNo.  3417-1807-36
LOCATION Beech Grove IN Elev. Boring No. GP 1
UND While drilling \?O ‘ Time after drilling Start _ 9/9/03 |
ER Before casing removal NA Depth to water . Unit 837
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BOART LONGYEAR FIELD BORING LOG Sheet 1 Of 1

FOR Adv. Geoservices Refined Metals Job No. 3417-1807-36 |
LOCATION Beech Grove I[N Elev. Boring No. MW 10
OUND While drilling Time after drilling Stat  9/9/03
ATER  Before casing removal Depth to water Unit 822

After casing remaoval Depth to cave-in Chief Dan
Blows on Casing/Probe Blows on
Sampler Weight 1
_ VISUAL FIELD CLASSIFICATION AND REMARKS Drop ‘
o 8 3 |l B s
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Job Name Refined Metals Well Name MW-10
Job Number 3417-1807-36 Driller D. Harrison
Location Beech Grove, IN Helper
Date Installed 09/09/03
Type of Well:
_X_Water Table Observation
___Piezometer
____Other 1. Locking Cap? X Yes _ No
A. Height of Well Casing above ground -—-—-———-!- 2. Protective Cover: a. Inside diam. 6.0 in.
30 ft b. Length 50 ft
¢. Material
B. Diameter of Well Casing _X_Steel
4.0 in. ___ Other
d. Bumper Post No qty
C. Surface Seal Bottom ¥ 4
1.0 R 3. Surface Seal: Bentonite
X Concrete
D. Well Casing: Flush Threaded PVC Other
_X_Schedule 40
___Schedule 80 3 4. Material between Casing and Protop:
___Other 3 Bentonite

&
s%tsts

R

' \ ~__ Other

5. Annular Space Seal:
____Granular Bentonite
Bentonite Slurry
" Cement-Bentonite Grout
T Other
How Installed:

ote,
KA

ogs,
abat,

o)

egosetele!
RO

0!
't

(N
Jageiele

OO0
AN

’
oteledete!

E. Bentonite SealTop 20 f.

e
4

Tremie Pumped
6. Bentonite Seal:-
X Granules

Pellets

editoted
GOOAK

F. Fine Sand Top ft

OO

94809,

0
el

G. Filter Pack Top 7.0

R

7. Type of Fine Sand:

/ 8. Type of Filter Pack:
" / #5

H. Screen Joint Top 9.0 ft

I. Well Bottom 19.0 ft

J. Filter Pack Bottom 19.0 ft

v/

K. Borehole Bottom 23.0 ft

9. Screen Material: PVC
Type: _X_Factory Cut
____Continuous Slot
Slot Size: 0.010 in.

Boart Longyear Length: 10.0 ft
. 5815 Churchman Ave., Suite 2
Indianapolis, IN 46203 10. Backfill Material: (Below filter pack)
Phone (317) 784-1838 None
Fax (317) 784-2035 “X Other . Sand




BOART LONGYEAR FIELD BORING LOG  Sheet 1 Of 1}
FOR Adv. Geoservices Refined Metals Job No. 3417-1807-36
LOCATION Beech Grove [N Elev. Boring No. MW 11
OUND While drilling Time after drilling Stat  9/9/03
TER  Before casing remaval Depth to water Unit 822
After casing removal Depth to cave-in Chief Dan |
Blows on Casing/Probe Blows on
Sampler Weight
VISUAL FIELD CLASSIFICATION AND REMARKS Drop
E b~ H o
2| gl S5l B & 4 g3
- Topsail - 6 1/4
- Br. Silty Clay - H.S.A
-5 5 -
1 8 | 19 - -
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- 15 15 -
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4 12 17 - -
34 | 75 {1.2]51]- -
5 15 | 59 - 20 M-F Br. Silty Sand 20 -
69 | 58 | 1.51128- -
6 15| 19 - Gray M-F Sand -
20| 23 [ 1.8]39]- -
- EOB 23" -
- 25 Set Well @ 23' - 25 -
- 30 30 -
- 35 35 -
- 40 40 -
- 45 45 -
50 50 -




Job Name Refined Metals
Job Number 3417-1807-36
Location Beech Grove, IN
Type of Well:
_X_ Water Table Observation
_ Piezometer
. Other

A. Height of Well Casing above ground
3.0 ft

B. Diameter of Well Casing
4.0 in.

C. Surface Seal Bottom
1.0 ft

D. Well Casing: Flush Threaded PVC
_X_Schedule 40

___Schedule 80

___Other
E. Bentonite Seal Top _ 2.0 ft
F. Fine Sand Top ft.
G. Filter Pack Top 10.5 ft
H. ScreenJointTop _13.0 ft
1. Well Bottom 23.0 ft

J. Filter Pack Bottom 23.0 ft

Borehole Bottom 23.0 ft

Boart Longyear
5815 Churchman Ave., Suite 2
Indianapolis, IN 46203
Phone (317) 784-1838
Fax (317) 784-2035

teseledetytetods
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Well Name MW-11
Driller D. Harrison
Helper
Date Installed 09/09/03
1. Locking Cap? X Yes __ No
2. Protective Cover: a. Inside diam. 6.0 in.
b. Length 50 ft
¢. Material
X Steel
_Other
d. Bumper Post No qty
& _r
3. Surface Seal: Bentonite
e X Concrete
Other
4. Material between Casing and Protop:
= Bentonite
ES Other
“ 5. Annular Space Seal:
2% Granular Bentonite

LR X SRS
ARRIXIREES

0

N
\

9.

How Installed:

Bentonite Slurry
Cement-Bentonite Grout
Other

Gravity

Tremie Pumped

Bentonite Seal:

. Type of Fine Sand:

Granules
Pellets

. Type of Filter Pack:

#5

Screen Material:

Type:

X

PVC
Factory Cut
Continuous Slot

Slot Size: 0.010 in.

Length:

10.0 R

10. Backfill Material: (Below filter pack)

None
Other
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APPENDIX B
Sediment Sampling Data — October 2003 Groundwater Data
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TABLE 4-1
Groundwater Sampling,
10/26 - 10/28/2003

Sample Location MW-4 | MW-6 MW-3 MW-3D ~ MW-5 EB-1-102603 MW-11 MW-7S
Lab ID B 348075 348076 348077 | 348078 | 348079 348080 348081 348082
Sample Date 10/26/2003 [  10/26/2003 10/26/2003 10/26/2003 10/26/2003 10/26/2003 10/27/2003 10/27/2003
Mairix Groundwater | Groundwater Groundwater Groundwater Groundwater Aqueous Groundwater Groundwater
Remarks FD of MW-3 Equipment Blank

Parameter Result | Q | RL [ Result| Q [ RL| Result | Q | RL| Result { Q | RL| Result | Q | RL| Result | Q [ RL| Result| Q [ RL| Result | Q [ RL
Total Metals i _ i s SRR R E L el
| Antimony ul10 Ul 10 U] 10 ujl10 U] 10 ul10
Atsenic 28 1} 27 1| 88 1] Jul | 71 | 1] 290/ 1
Barium 84 80 10 159 10 ulwof 167 | J1o] 17 10
| Cadmium U o2 |{ujoz2 ulo2] U (0.2 Ulo2]
Chromium Ul 1] LI 1 Uf1]| LI 1| 1.9 1
Lead Ul 1] 21 1 Ul 1 ul 1| 217/ 1
Mercury Ujl0.2 ulo.z2 U102 U102 U102
Selenium uJ| 2 uUjj 2 uJ] 2 uJ| 2 uJj 2
Silver 0.2 0.2 Ujo0.2 Ulo.2 Ulo.2 Ulo.2
Dissolyed Metals’ ;-4 5 SRy B . Ty i
Antimony ug/L Ul o uji1o ujl 10 ulio ul10 Ul 10 ulio Uj10]
Arsenic ug/L ul1]| 12 1] 75 | | 1| 727 1] 24 1 ul1] 710 | 1] 25 1
Barium ug/L | 213 10] 117 0] 73 | 10| 76 10| 154 | |10 uli1o]| 167 | 10| 15 10
Cadmium ug/L ujo2|  fulo2 ulo2 Ulo0.2 Ulo2 Tol02 ulo U|o0.2
Chromium wgL | 2.1 1| 20 [ [ 1| 49 1| 46 | | 1| 22 1 ul1 U 74 1
Lead ug/L U1} uj1 Ul 1 ul 1 ul1 Juf1 Jul 1 1
Selenium ug/L Uj 2 U} 2 2 2 Ul 2 Ul 2 Uj| 2 Uj 2 U] 2
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TABLE 4-1
Groundwater Sampling,
10/26 - 10/28/2003

Sample Location MW-9 MW-1 MW-2 | FB-1-102703 | MW-10 | MW-8§ MW-8SD | EB-2-102803
Lab ID 348083 348084 348085 348086 1 348087 348088 348089 | 348090
Sample Date 10/27/2003 10/27/2003 10/27/2003 10/27/2003 |  10/28/2003 10/28/2003 10/28/2003 10/28/2003 |
[Matrix Groundwater [ Groundwater Groundwater Aqueous | Groundwater Groundwater Groundwater J& Aqueous
Remarks Field Blank FD of MW-8S |Equipment Blank
Parameter Units | Result | Q | RL| Result| Q { RL| Result | Q | RL| Result| Q | RL] Result| Q | RL| Result | Q | RL| Result| Q | RL| Result| Q | RL
Antimony ug/L Uuji1o U} 10 U 10 Uj1o0 Uj 10 Ujl10 ullo ulio
Arsenic wgll | 42 | | 1] 24 1] 15 1 CJul 1| 24 L] 1o | 1) o1s 1 Ul 1|
Barium ug/L 43 101 69 10 44 10 lulw] n 10] 89 10] 83 10 Ul 1o
Cadmium ug/L Uufo.2 Ulo2] 0.2 0.2 Ujo.2 ufo.2 Ulo2 Ujoz2 ujoz
Chromium ug/L ul1 | 13 1| 2.1 1 Uli1| 16 [ul 1| 1a Jul[1 ] w5 Juf1] 12 1
Lead ug/L 1 1 Uy 1| 44 1 U] ul 1] 55 3]l 3 [1]1 Ul 1
Mercury U Ujo U U U
Selenium uJ uJ ul Ul
Silver U U U U
Dissolved Metals :
Antimony ug/L Uujlo Ujl1o ulio ui1o Ul]1o ujllo U] 10 ujl 1o
Arsenic ug/L | 2.7 1 21 1 10 1 Ul1 7.5 1 17 1 16 1 ujp it
Barium_ ug/L 41 101 69 10| 22 10 Uf10]| 16 10| 79 10| 76 10 Uj10
Cadmium ug/L U }_0.2 U|02 Ujoz2 Ujo.2 U|lo0.2 Ujo0.2 Uj0.2 U|0.2
Chromium ug/L 1.9 1 6.5 1 3.1 1 Uj1 5.2 1 2.9 1 2.8 Ul 1
Lead Jug/L Ul 1 Ul 1 2.9 1 (Ul Ul 1l 15 1 12 1 ujl
Selenium ug/L Ul 2 Uj 2 Ul 2 Ul 2 2.3 2 Ul 2 U Ul 2
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TABLE 4-2
Sediment Sampling,

I . 10/28 - 10/29/2003

Sample LocatloﬂLab ID—rSample Date |Matrix [Remarks jarameter {Units lResultIQ RL__

Arsenic - i 3 , = G :
R2SED- 11 0- 6 348091 10/28/2003 Sedxment Arsemc mg/kg 12
RZ_SED 11-6-12 1348092}  10/28/2003]Sediment Arsenic mg/kg 15

B}§§D-12 0-6 348093| 10/28/2003 [Sediment Arsenic mg/kg 11
R2SED-12D-0-6 1348094 10/28/2003)Sediment |FD of R2SED-12-0-6 |Arsenic mg/kg 12
R2SED-12-6-12 | 348095] 10/28/2003|Sediment Arsenic mgkg | 9.3
R2SED-13-0-6 348096  10/28/2003[Sediment Arsenic mg/kg 12
R2SED-13-6-12  1348097]  10/28/2003|Sediment Arsenic mgkg | 83
R2SED-14-0-6 348098| 10/28/2003|Sediment Arsenic mg/kg 11
R2SED-14-6-12 1348099  10/28/2003{Sediment Arsenic mgkg | 9.5
R2SB30-0-3 348101}  10/29/2003|Sediment Arsenic mg/kg 12
[R25B30-3-10 348102|  10/29/2003 [Sediment Arsenic mg/kg 9
R28B29-0-3 348103]  10/29/2003 |Sediment Arsenic mg/kg | 154
@SB29—3-10 348104| 10/29/2003 [Sediment Arsenic mgkg | 216
R2SB25-0-3 348105| 10/29/2003 [Sediment Arsenic mgkg { 23
RZSBZS -3-10 348106  10/29/2003}|Sediment Arsenic mg/kg 17
R2SB26-0-3 348107]  10/29/2003 |Sediment ' Arsenic mgkg | 169 25
R28B26-3-10 348108  10/29/2003{Sediment Arsenic mgkg | 114 25
R25B27-0-3 348109}  10/29/2003 |Sediment Arsenic mghkg | 25 1
R2SB27-3-10 348110  10/29/2003 [Sediment Arsenic mgkg | 35 1
R25B28-0-3 348111  10/29/2003|Sediment Arsenic mgkg | 23 l
[R25B28-3-10 348112]  10/29/2003|Sediment Arsenic mgkg | 20 1
1
1

t—-‘r—-ml"l)"'l'—-h—‘r—l.—-.—‘;—-nu—dr—an—»—t-—l,

'R2SB28D-3-10 348113]  10/29/2003{Sediment [FD of R2SB28-3-10 |Arsenic mg/kg 22

EB-4- 102903 348114 10/29/2003jAqueous |Equipment Blank Arsenic ug/L U

Lead . _ .
R.SED-I 1-0-6 348091 10/28/2003 [Sediment Lead mg/kg | 874 120

. R2SED-11-6-12 1348092 10/28/2003|Sediment Lead mg/kg | 1470 300

R2SED-12-06 | 348093| 10/28/2003(Sediment Lead mgkg | 411 60
R2SED-12D-0-6 | 348094  10/28/2003|Sediment |FD of R2SED-12-0-6 |Lead mgkg | 462 60
R2SED-12-6-12 | 348095]  10/28/2003|Sediment Lead mgke | 32 0.6
R2SED-13-0-6 | 348096]  10/28/2003|Sediment Lead mghkg | 771 120
R2SED-13-6-12 | 348097| _10/28/2003[Sediment Lead mgke | 28 0.6
R2SED-14-0-6 | 348098 - -10/28/2003 |Sediment Lead mgkg | 681 60
R2SED-14-6-12 | 348099|  10/28/2003|Sediment Lead mg/kg 24 0.6
R2SB30-0-3 348101]  10/29/2003|Sediment Lead mgkg | 1810 | | 300
R2SB30-3-10 | 348102]  10/29/2003|Sediment Lead mghke | 479 60
R25B29-0-3 348103|  10/29/2003|Sediment Lead mgkg | 14800 | |3000
R2SB29-3-10 | 348104  10/29/2003|Sediment Lead mg/kg | 15700 | |3000]
R25B25-0-3 343105|  10/29/2003|Sediment Lead mgkg | 617 60
R2SB25-3-10 | 348106]  10/29/2003]Sediment Lead mgkg | 425 60
R25B26-0-3 348107] 10/29/2003|Sediment Lead mg/kg | 12200 | | 1200
ROSB26-3-10 | 348108]  10/29/2003|Sediment Lead me/kg | 6020 | | 600
R2SB27-0-3 343109]  10/29/2003|Sediment Lead mgike | 786 120
R2SB27-3-10 | 348110 10/29/2003|Sediment Lead mgkg | 658 120
R25B28-0-3 343111 10/29/2003|Sediment Lead mgikg | 684 120
R2SB28-3-10 | 348112]  10/29/2003(Sediment Lead mgfkg | 403 60
R2SB23D-3-10 | 348113 _ 10/29/2003{Sediment |FD of R2SB28-3-10 |Lead mg/kg | 490 60
. EB-4-102903 348114  10/29/2003|Aqueous |Equipment Blank _ |Lead ug/L Ul 1

F\OFICEAGC\PROJECTS\Files\2003- 1 046\Reports\C ive M \Table 4-2




. Comment: 3.0 gal removed

‘ Well ID: MW-1 Job No: 98-478-04
l Date Sampled: 10/27/2003
I Sampled by: . BAC
Well Diameter: 2"
l DTW: 7.47
_ DTB:. 31.56
l Estimated Pump Setting: 26'
I ' Estimated Flow Rate: 140 ml/min
Sample Collection Time: 1412
' Laboratory: Beech Grove, IN
I Time pH Dissolved Oxygeni Specific Cond. | Temperature 0O.R.P. Turb.
mg/l uS/cm °c mV NTU
l 1257 6.74 5.40 1.325 12.95 134 195.0
1300 6.79 2.62 1.51 12.66 107 340
1303 6.79 1.93 1.55 12.84 81 385
l 1307 6.79 1.34 1.55 13.57 58 476
"1310 6.78 1.20 1.55 13.70 52 403
1314 6.79 0.87 1.54 13.73 40 270
1318 6.79 0.74 1.55 13.76 32 152.3
1321 6.79 0.67 1.54 13.55 27 98.9
1324 6.79 0.66 1.55 13.58 25 79.0
1327 | 6.79 ... 062 1.55 13.54 21 64.8
I 1330 - 6.79 0.59 1.55 13.63 18 51.6
- 1333 6.79 0.57 1.55 13.67 15 47.3
1336 6.78 0.56 1.55 13.76 13 39.0
| l 1339 6.78 Q.53 1.55 13.75 11 33.8
1 1342 6.79 0.52 1.55 14.00 10 28.4
1345 6.79 0.52 1.55 14.06 8 20.3
I 1348 6.78 0.49 1.56 14.48 -3 17.5
1400 6.78 0.48 1.56 14.38 -3 15.4
1403 6.79 0.48 1.55 13.84 -5 15.2
1406. 6.78 0.47 1.56 13.92 -5 14.8
l 1409 . 6.78 0.46 1.56 14.30 -6 14.2
1416 | 6.81 158 - 1.56 13.98 74 28.5
|



. Well ID: Mw-2 Job No: 98-478-04

Date Sampled: 10/27/2003
Sampled by: BAC
Well Diameter: 2"
DTW: 8.8
DTB: 31.36
Estimated Pump Setting: 26
Estimated Flow Rate: 180 mi/min

Sample Collection Time: - 1540

Laboratory: Beech Grove, IN

Time pH Dissolved Oxygen | Specific Cond. | Temperature O.R.P. Turb.

mg/! uSicm °C mV NTU

1438 6.72 3.08 1.90 14.58 60 83.9

1441 6.72 1.75 1.91 14.14 47 88.1

1444 6.71 1.50 1.90 13.70 44 93.9

1451 6.70 . 1.05 1.90 14.78 34 53.3

1454 6.70 0.95 1.91 15.19 28 44.7

1458 6.71 0.84 1.92 15.06 21 - 30.3

1502 6.71 0.75 1.92 14.46 15 21.6

1506 6.71 0.70 1.93 14.44 12 17.8

1509 6.71 ~0.68 1.93 14.33 10 15.1

1512 6.72 0.66 1.93 14.38 13.6

o

1515 6.72 0.65 1.93 14.43 8 12.2

1518 6.71 0.64 1.93 14.48 11.1

1521 6.71 0.62 1.93 14.28 9.8

1524 6.71 0.61 1.93 14.29 9.6

1527 6.72 0.59 1.93 13.91 8.4

1530 6.72 0.58 1.94 13.94 8.1

1533 6.71 0.58 1.93 13.97 8.0

o
B ES BT

1546 6.71 1.03 1.91 14.70 15.3

Comment: 3.0 gal removed

l ' 1448 6.70 1.1 1.89 14.61 35 58.7




. Well ID: MW-3 JobNo:  98-478-04

Date Sampied: 10/26/2003
Sampled by: BAC

Well Diameter: 2"

DTB: 22.36
Estimated Pump Setting: 17
Estimated Flow Rate: 210 mi/min

Sample Collection Time: 1415

Laboratory: Beech Grove, IN

Time - pH Dissolved Oxygen | Specific Cond. | Temperature}] O.R.P. Turb.

mg/l_ uS/cm °C mv NTU

1312 6.97 2.84 1.367 13.40 101 962

1315 6.95 1.62 1.389 13.82 88 957

1318 6.94 1.11 1.389 13.96 76 1058

1321 6.93 1.17 1.389 13.90 74 1108

1325 6.95 0.87 1.391 13.95 67 838

1330 6.94 0.75 1.392 13.77 56 536

1334 6.94 0.77 1.392 13.57 52 366

1337 6.95 0.74 1.392 1346 51 362

1340 6.94 0.70 1.391 13.27 46 277

1346 6.95 0.65 1.390 13.19 42 261

1349 6.96 0.64 1.390 13.16 40 179.1

13562 5.96 0.64 1.389 13.33 38 171.3

I 1355 6.96 0.65 1.387 13.29 36 173.8

1358 6.95 0.66 1.386 13.87 36 137.8
1401 6.96 0.65 1.387 13.87 34 122.9
1404 6.95 0.59 1.387 13.38 31 92.7
1407 6.95 0.57 1.388 13.36 28 82.1
1410 6.96 0.56 1.388 13.35 26 90.3
1413 6.96 0.54 1.389 13.39 25 84.1

‘ Comment: Removed 3.0 gal
\

I DTW: 11.28

1343 695 | 0.70 1.391 13.24 46 291 . ).




. Well ID: MW-4 Job No: 98-478-04

Date Sampled: 10/26/2003
Sampled by: BAC
Well Diameter: 2"
DTW: 6
DTB: 23.97
Estimated Pump Setting: 19'
Estimated Flow Rate: 200mi/min

Sample Collection Time: 1130

Laboratory: Beech Grove, IN

mg/l uS/icm °C mV NTU
1024 7.02 3.96 0.806 14.11 365 1149
1028 7.03 1.67 0.814 14.71 283 668
1032 7.03 1.26 0.816 14.40 189 473
1036 7.02 1.14 0.814 14.02 125 447
1040 7.02 1.09 0.814 14,13 107 380
1044 7.01 1.01 0.816 14.36 89 310
1048 7.00 0.94 0.817 14.54 78 233
1052 7.00 0.89 0.819 14.36 73 128.9
1056 7.00 0.85 0.820 14.45 69 127.6
1100 7.00 0.81 0.821 14.35 65 185.3.
1104 7.00 0.78 - 0.821 14.73 61 178.6
1108 7.00 0.75 0.822 14.61 60 261.0
1112 6.99 0.73 0.824 14.62 55 120.6
1116 6.99 0.68 0.825 14.97 52 91.6
1120 7.00 0.66 0.825 14.7 48 61.7
1123 6.99 0.65 0.825 14.53 47 52.9
1126 6.99 0.62 0.826 14.82 45 55.8
1129 6.98 0.61 0.827 15.07 44 54.4

l Time pH Dissolved Oxygen | Specific Cond. | Temperature O.R.P, Turb.

Commen Removed 3.0 gal



. Well ID:

MW-5 Job No: 98-478-04

Date Sampled: 10/26/2003

Sampled by: BAC

Well Diameter: 2"

DTW: 4.61

DTB: 26.25

Estimated Pump Setting: 21

Estimated Flow Rate: 170 mi/min

Sample Collection Time: 1612

Laboratory: Beech Grove, IN
Time pH Dissolved Oxygen| Specific Cond. | Temperature O.R.P. Turb.

mg/l uS/cm °C mV NTU

1445 7.16 4.15 0.759 13.29 178 413
1448 7.10 2.99 0.768 13.55 159 531
1451 7.09 217 0.777 13.54 150 603
1454 7.08 1.47 0.782 13.53 146 568
1457 7.09 1.39 0.781 13.52 145 406
1501 7.09 1.25 0.781 13.68 146 216
1505 7.09 1.20 0.783 13.75 145 142.1
1509 7.09 0.96 0.791 13.64 140 640
1513 7.08 0.93 0.790 13.60 140 529
15186 7.07 0.89 0.791 13.44 139 244
1519 7.07 0.87 0.791 13.35 138 151.5
1522 7.08 0.81 0.791 13.21 134 -—-89.7-
1525 7.07 0.77 0.791 13.09 131 125.0
1528 7.06 0.75 0.792 12.99 128 149.3
1531 7.07 0.72 0.792 12.98 126 295
1534 7.07 0.71 0.792 12.85 124 226
1537 7.08 0.71 0.792 12.65 123 118.3
1540 7.07 0.71 0.791 12.50 121 110.6
1543 7.07 0.70 0.793 12.41 120 64.7
1547 7.07 0.67 0.794 12.10 115 46.8
1551 7.07 0.66 0.795 12.08 115 38.8
1555 7.07 0.65 0.794 12.12 112 28.0
1600 7.08 0.65 0.795 12.10 110 26.1
1603 7.07 0.65 0.793 12.09 110 21.3
1606 7.08 0.64 0.793 12,20 109 20.8
1609 7.08 0.62 0.793 12.30 107 19.9
1615 7.08 1.81 0.806 13.03 167 65.3

Comment: 4.0 gal removed




‘ Well ID: MW-6 Job No: 98-478-04

Date Sampled: 10/26/2003

l - Sampled by: BAC

Well Diameter: 4"
_ DTW: 11.65
DTB: 31.8
Estimated Pump Setting: 27
Estimated Flow Rate: - 160 mi/min
Sampie Collection Time: 1244
Laboratory: Beech Grove, IN
I Time pH Dissolved Oxygen | Specific Cond.| Temperature O.R.P. Turb.
mg/l uS/cm °C mV NTU
I 1149 7.19 4.14 0.884 14.07 194 184.4
1152 7.18 3.36 0.889 13.59 171 142.0
1155 7.19 2.88 0.889 13.00 153 127.5
1159 7.22 2.30 0.879 13.05 128 110.0
l 1203 7.22 2.03 0.877 13.56 122 119.3
1207 7.24 1.38 0.870 13.71 98 117.9
1211 7.26 1.19 0.866 13.04 83 102.9
' 1214 7.27 1.12 0.865 13.10 80 101.4
1217 7.25 1.08 0.867 13.21 78 104.5
1220 7.24 1.05 0.874 13.18 76 114.7 -
I 1223 7.18 1.00 0.882 13.50 73 130.2
1226 7.18 0.90 0.884 13.47 71 132.1
1229 7.19 0.84 0.878 13.24 68 125.6
I 1232 7.20 0.80 0.875 13.11 65 118.6
1235 7.20 0.78 0.876 13.12 64 117.0
1238 7.21 0.76 0.873 13.12 63 114.6
1241 7.20 0.76 0.878 12.97 62 115.6
l 1250 7.21 1.03 0.863 13.34 135 135.6

Comment:Removed 2.5 gal



|
|
. Well ID: MW-7§ Job No: 98-478-04

Date Sampled: 10/27/2003

Sampled by: BAC

Well Diameter: 4"

DTW: 6.12

DTB: 24.62

Estimated Pump Setting: 19’

Estimated Flow Rate: 210 mi/min

Sample Collection Time: 1110

" Laboratory: Beech Grove, IN

Time pH Dissolved Oxygen|{ Specific Cond. | Temperature| O.R.P. Turb.

mg/| uS/cm °C mvV NTU

1000 6.44 1.91 4.19 14.94 157 132.5

1003 6.44 1.11 4.20 15.19 126 144.2

1006 6.43 1.08 4.19 14.85 119 145.7

1014 6.44 0.84 4.12 15.08 103 265

1018 6.44 0.84 4.10 14.81 98 304

1022 6.45 . 0.82 4.06 14.52 92 376

1026 6.45 0.76 4.04 15.21 88 456

1029 6.45 0.70 3.98 15.21 82 490

1032 6.45 0.65 3.95 15.43 76 522

1035 6.46 0.64 - 395 ' 15.40 75 518

1038 6.46 0.64 3.94 15.24 73 502

1041 6.46 0.63 3.95 15.28 69 481

1044 6.46 0.63 3.93 15.37 67 440

1047 6.46 0.60 3.92 15.53 63 405

1050 6.46 0.60 3.92 15.31 60 366

1063 6.46 0.59 3.92 14.83 58 343

1056 6.46 0.58 3.92 14.69 55 312

1059 6.46 0.56 3.93 14.71 52 293

1102 6.46 0.55 3.92 15.07 50 254

1105 6.46 0.55 3.91 14.99 49 248

1108 6.46 0.54 3.92 15.03 47 242

1115 6.46 0.67 3.91 15.45 43 136.7

' 1010 6.43 0.98 4.18 14.98 112 166.2
. Comment: 4.0 gal removed



. Well ID: MW-S’ Job No: 98-478-04
Date Sampled: 10/28/2003
Sampled by: BAC
Well Diameter: 4"
DTW: 8.75
DTB: 29.18

Estimated Pump Setting: 24"

Sample Collection Time: 1040

N

Laboratory: Beech Grove, IN

Time pH Dissolved Oxygen| Specific Cond. | Temperature O.R.P. Turb.

mg/l uS/cm °C mV NTU

954 7.26 2.13 1.097 14.09 16 25.3

957 7.24 1.65 1.080 14.12 23 18.0
1000 7.25 1.43 1.079 13.59 30 158.5
1003 7.25 1.31 1.076 14.05 34 12.6
1006 7.25 1.22 1.075 14.02 38 12.3
1010 7.27 1.11 1.074 14.05 41 11.6
1014 7.27 1.10 1.072 14.04 42 11.1
1018 7.26 1.03 1.0568 14.06 44 9.3
1022 7.25 1.02 1.058 14.09 45 9.4
1025 7.28 0.98 1.051 13.97 45 8.9
1028 7.25 0.98 1.046 14.01 _ 46 8.4
1031 7.23 0.92 1.033 14.12 45 6.9
1034 7.23 0.91 1.028 14.04 45 7.0
1037 7.23 0.91 1.028 13.88 45 6.9

I Estimated Flow Rate: 190 ml/min

Comment: 2.0 gal removed




‘ Well ID: Mw-g Job No: 98-478-04

Date Sampled: 10/27/2003
Sampled by: BAC
Well Diameter: 4"
DTW: 9.74
DTB: 28.05
Estimated Pump Setting: 23"
Estimated Flow Rate: 150 mi/min

Sample Collection Time: 1220

Laboratory: Beech Grove, IN

Time ~ pH Dissolved Oxygen| Specific Cond.| Temperature | O.R.P. Turb.

mg/! uS/icm °c mV NTU

1137 7.02 3.21 1.004 11.73 97 31.5

1140 6.98 1.57 0.991 12.20 75 14.5

1143 6.97 1.15 0.990 12.23 62 15.0

1151 6.97 1.15 0.991 12.05 52 13.1

1155 6.97 1.06 0.990 12.26 50 13.1

1159 6.97 0.99 0.989 12.40 50 13.7

1202 6.97 0.94 0.988 12.54 50 11.9

1205 6.97 0.91 0.987 12.61 5 13.1

1208 6.97 0.80 0.984 13.01 52 : 10.9

1212 6.86 0.75 0.975 13.52 56 8.8

1215 6.97 0.74 0.972 13.10 56 8.3

1218 6.97 0.70 0.967 13.52 56 7.9

1231 7.08 1.27 0.876 13.48 122 5.8

Comment: 2.0 gal removed

I 1147 6.97 1.18 0.991 12.06 53 12.1



. Well ID: MW-10 Job No: 98-478-04

Date Sampled: 10/28/2003
Sampled by: BAC
Well Diameter: 4"
DTW: 5.36

DTB: 22.08

Estimated Flow Rate: 180 mi/min

Sample Collection Time: 920

Laboratory: Beech Grove, IN

Time pH Dissolved Oxygen | Specific Cond. | Temperature O.R.P. Turb.
mg/| uS/em °Cc mV NTU
831 6.65 6.35 6.58 8.75 286 23.8
834 6.75 2.31 7.59 10.31 252 13.9
837 6.74 1.42 7.57 9.83 170 13.5
840 6.74 1.34 7.54 9.74 166 13.4
844 6.74 1.19 7.49 9.88 139 16.5
848 6.73 1.06 7.29 10.08 116 20.7
851 6.73 1.03 7.18 10.14 111 18.3
854 6.73 0.96 7.07 10.20 105 18.5
857 6.73 0.90 6.97 10.02 98 19.4
900 6.73 0.88 6.92 10.00 95 18.7
203 6.73 0.84 6.89 9.99 87 18.5
906 6.73 0.82 6.87 10.01 85 17.8
909 6.73 0.81 6.78 9.95 80 16.9
912 6.73 0.77 6.77 10.14 73 16.8
915 6.73 0.76 6.73 10.22 69 16.3
918 6.73 0.74 6.69 10.23 68 15.8
923 6.73 0.83 6.55 10.72 64 25

l Estimated Pump Setting: 17

l Comment: 2.5 gal removed




i
i
. Weli ID: MW-11 Job No: 98-478-04

Date Sampled: 10/27/2003

Sampled by: BAC

Well Diameter: 4"

DTW: 9.75

DTB: 26.2

Estimated Pump Setting: 21

Estimated Flow Rate: - 210 ml/min

Sampie Collection Time: 915

Laboratory: Beech Grove, IN

Time pH Dissolved Oxygen Specific Cond. | Temperature { O.R.P. Turb.

mg/l uS/cm °C mV NTU

834 7.04 3.73 1.088 10.58 287 49.3

837 7.08 2.21 1.105 11.31 236 9.1

840 7.10 1.52 1.108 11.26 200 6.5

846 7.10 1.28 1.110 10.90 138 54

849 7.10 1.13 1.110 10.97 109 5.3

852 7.09 1.08 1.111 11.06 101 5.0

855 7.09 0.96 1.111 11.09 82 4.9

858 7.09 0.90 1.112 . 1113 71 49

901 7.09 0.84 1.114 11.19 57 41

904 7.08 0.83 1.114 11.14 50 4.0

907 7.08 0.77 1.115 11.15 45 3.9

910 7.08 0.76 1.115 11.16 43 3.6

913 7.06 0.74 1.116 11.17 41 341

917 7.04 0.87 1.117 12.04 34 6.2

Comment: 2.5 gal removed

I 843 7.11 1.36 1.109 10.61 167 6.7




INORGANIC DATA VALIDATION SUMMARY

‘ite Name: KMe 3N < _ Laboratory: Tﬁm—\-‘ﬁ X
I Project Number: = f AL 3~[046~03 Case /Order No.: R R — 3
Sampling Date(s): w(2%-24 ] 2003 . -
Compound List: DTAL DPriority Pollutant I:]Appcndix iX B/Other AS 7L
Method: | [ Jeresownmos. [ Jaocrrise [ AsW-846 Method [ Jother
' boo

The following table indicates the data validation criteria examined, any problems identified, and the QA actioﬁ applied.

Data Validation Criteria: accept FYI quaﬁfy Comments

Holding Times

fnitfal Caltbrations.

Continuing Calibrations

General Comments:

Accept - No qualification required.
FYI - For your information only, no qualification necessary.
ify - Qualify as rejected, estimated or biased
- Not applicable.
NR - Not reviewed.

l | QA Scientist /



Laboratories. Inc.

l é’ TriMatrix

ANALYTICAL REPORT

‘Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 12:20
Project: RMC - Beech Grove, IN Sampler:
l Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-11-0-6

Sample #: 348091 .
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit - Date Chem Citation
Arsenic, Total 12 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total : 874 120 mg/kg dry 11/13/03 DSC USEPA-6020

Page 1

This repore shall noc be reproduced excepr in full, without writren auchorization of TeiMatrix Laboracaries, Inc.
Individual sample results relare only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, M1 49512 » {616) 975-4500 « Fax (616) 942-7463



TriMatrix

Labomtories. Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 12:30
Project: RMC - Beech Grove, IN _ Sampler: :
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-11-6-12

Sample #: 348092
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit .Unit Date Chem Citation
Arsenic, Total 15 1.0 mg/kg dry' 11/11/03 JMF USEPA-6020
Lead, Total 1470 300 mg/kg dry 11/13/03 DSC USEPA-6020

%-J\
@ N

Page 2

This report shall noc be reproduced except in full, withour written authorizarion of TriMarrix Laborarories, Inc.
Individual sample results relare only to the sample tested.
5560 Corporate Exchange Court SE ¢ Grand Rapids, MI 49512 » (616) 975-4500 » Fax (616) 942-7463



l éeé TriMatrix

Laboratories, Inc.

ANALYTICAL REPORT

‘Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 12:45
Project: RMC - Beech Gxove, IN Sampler:
I Received: - 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-12-0-6

Sample #: 348093
Matrix: Soil/solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 11 1.0 mg/kg dry 11/11/03 JMF USEPA-6020

Lead, Total 411 60 mg/kg dry 11/13/03 DSC USEPA-6020

Page 3 N

This report shall not be reproduced excepr in full, without wrirten authorization of TriMarrix Laboratories, Inc.
Individual sample results relate only to the sample tested.

5560 Corporarte Exchange Court SE * Grand Rapids, MI 49512 « (616) 975-4500 « Fax (616) 942-7463



ANALYTICAL REPORT

Advanced GeoServices Corporation Sampled: 10/28/03 @ 12:50

lient:
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00
Submittal #: 35132-35
Submittal: October 2003 Soil Samples
Sample ID: R2SED-12D-0-6
Sample #: 348094
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting ' Analysis Reference
Parameter Result Limit Unit Date Chen Citation
Arsenic, Total 12 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 462 60 mg/kg dry 11/13/03 DSC USEPA-6020

Page

4

This report shall not be reproduced except in full, withour wrircen authorization of TriMatrix Laboratories, Inc.
Individual sample results relate only o the sample tested.

5560 Corporate Exchange Courr SE ¢ Grand Rapids, MI 49512 « (616) 975-4500 = Fax (616) 942-7463



Laboratories. Inc.

l é% TriMatrix

ANALYTICAL REPORT

.Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 12:55
Project: RMC - Beech Grove, IN Sampler:
' Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-12-6-12

Sample #: 348095
Matrix: Soil/Solid : Percent Solids: n/a
L 3
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total : 9.3 1.0 mg/kg dry 11/11/03 JMF USEPA-6020 -
Lead, Total 32 0.60 mg/kg dry 11/11/03 JMF USEPA-6020

Page 5 _ N

This report shall not be reproduced excepr in full, withour written authorization of TriMatrix Labocarories, Inc.
Individual sample results relate anly o che sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, M1 49512 » (616) 975-4500 ¢ Fax (616) 942-7463



TriMatrix

Laboratoﬁes, Inc.

ANALYTICAT, REPORT

Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 13:05
‘Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-13-0-6

Sample #: 348096 .
Matrix: Soil/Sclid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 12 1.0 mg/kg dry 11/11/03 JMF USEPA-6020

‘Lead, Total : 771 120 mg/kg dry 11/13/03 DSC USEPA-6020

® 2

N\
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This reporr shall not be reproduced excepr in full, withour written authorization of TriMatrix Laboratories, Inc.
Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 ¢ (616) 975-4500 * Fax (616) 942-7463



TnMatnx

ee Laboratories, Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 13:20
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: QOctober 2003 Soil Samples

Sample ID: R2SED-13-6-12

Sample #: 348097
Matrix: Soil/solid ' Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit . Unit Date Chem Citation
Arsenic, Total 8.3 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 28 0.60 mg/kg dry 11/11/03 JMF USEPA-6020

Page 7 \£F

This reporr shall nor be reproduced excepr in full, withour written authorization of TriMarrix Laboratories, Inc.,
Individual sample results relate only to the sample tested.
5560 Corporate Exchanvc Court SE * Grand Rapids, MI 49512 » (616) 975-4500 * Fax (616) 942-7463



TriMatrix

é@ Laboratories, Inc.

‘lient:

Project:

ANALYTICAL REPORT

Advanced GeoServices Corporation Sampled: 10/28/03 @ 13:40
RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R2SED-14-0-6

Sample #: 348098
Matrix: Soil/sSolid Percent Solids: n/a
Analytical Reporting _ Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 11 1.0 mg/kg dry 11/11/03 JMF USEPA-6020

Lead, Total 681 60 mg/kg dry 11/13/03 DSC USEPA-6020

Page

8

This repore shall not be reproduced excepe in full, withour written auchorizartion of TriMarrix Laboratories, Inc.
Individual sample resulss relate only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 + (616) 975-4500 ¢ Fax (616) 942-7463




S Tridatrix

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/28/03 @ 13:55
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: - October 2003 Soil Samples

Sample ID: R2SED-14-6-12

Sample #: 348099
Matrix: Soil/Solid Percent Solids: =n/a
Analytical Reporting Analysis ‘Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 9.5 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 24 ' 0.60 mg/kg dry 11/11/03 JMF USEPA-6020

o ' ' N
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This report shall not be reproduced excepr in full, without written authorizarion of TriMatrix Laboratories, Inc.
Individual sample resules relate only to the sample tested.

5560 Corporatc Exchange Court SE ¢ Grand Rapids, MI 49512 = (616) 975-4500 « Fax (616) 942-74G3



TriMatﬁx

Laboratories, Inc.

ANALYTICAL REPORT

lient: Advanced GeoServices Corporatlon Sampled: 10/28/03 @ 14:20
Project: BRMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Sme:Lttal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: EB-3-102803

Sample #: 348100
Matrix: QC Water Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total <1.0 1.0 ug/L 11/12/03 MSG EPA-200. 8/6020
Lead, Total <1.0 1.0 ug/L 11/12/03 MSG EPA-200.8/6020

N _k
o 1Ry
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This report shall not be reproduced except in full, without written authorization of TriMatrix Laboratories, Inc.
Individual sample results relate only to the sample tested.
5560 Corporate Exchange Court SE ¢ Grand Rapids, MI 49512 (616) 975-4500  Fax (616) 942-7463




I &

TriMatrix

Laboratories, Inc.

‘lient:

Project:

ANALYTICAL REPORT

Advanced GeoServices Corporation Sampled: 10/29/03 @ 08:45
RMC - Beech Grove, IN Sampler:
Received: 1.0/31/03 @ 05:00

Submittal #:.35132-35 .
Submittal: October 2003 Soil Samples

Sample ID: R25B30-0-3

Sample #: 348101
Matrix: Soil/Solid _ Percent Solids: n/a
Analytical Reéorting : Analysis Reference
Parameter Result Limit Tnit Date Chem Citation
Arsenic, Total .12 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 1810 300 mg/kg dry 11/13/03 DSC USEPA-6020

This repore shall noc be reproduced excepe in full, withoue written auchorizacion of TriMarrix Laboratories, Inc.
Individual sample results telate only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 » (616) 975-4500 « Fax (616) 942-7463




TriMatrix

l.aboratories, Inc.

ANALYTICAL REPORT

lient: Advanced GeoServices Corporation Sampled: 10/29/03 @ 08:50
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B30-3- 10

Sample #: 348102
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 9.0 1.0 mg/kg dry 11/11/03 JMF USEPA-6020

Lead, Total 479 60 mg/kg dry 11/13/03 DSC USEPA-6020

Page 12 _ \ ™

This repore shall not be reproduced excepr in full, withoue written authorizadion of TriMarrix Laboratories, Inc.
Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 « (616) 975-4500 * Fax (616) 942-7463



Tn'Matrix

Labomtories. Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 09:10
Project: RMC - Beech Grove, 1IN : Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Scil Samples

Sample ID: R25B29-0-3

Sample #: 348103 )
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date . Chem Citation
Arsenic, Total 154 : 25 mg/kg dry 11/13/03 DSC USEPA-6020
Lead, Total 14800 3000 mg/kg dry 11/13/03 DSC USEPA-6020

@ ' o
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This report shall not be reproduced excepr in full, wichour writren authorization of TriMatrix Labaracories, Inc.
Individual sample results relate only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 ¢ (616) 975-4500 « Fax (616) 942-7463




& TriMatrix

ANALYTICAL REPORT

lient: Advanced GeoServices Corporation Sampled: 10/29/03 @ 09:15
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 05:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B29-3- 10

Sample #: 348104
Matrix: Soil/solid . Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter "Result Limit - Unit Date Chem Citatiom
Arsenic, Total 216 25 mg/kg dry 11/13/03 DSC USEPA-6020
Lead, Total : 15700 3000 mg/kg dry 11/13/03 DSC USEPA-6020

@ ' P
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This report shall not be reproduced excepr in full, wichout writren auchorizadon of TriMatrix Laboratories, Inc.
Individual sample results relate only to the sample rested.
5560 Corporate Exchange Court SE ¢ Grand Rapids, MI 49512 » (616) 975-4500 = Fax (616) 942-7463



TriMatn'x

Laboraton‘es, Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 09:490
Project: RMC - Beech Grove, IN Samplexr:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B25~0-3

Sample #: 348105
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit _ Unit Date Chem Citation
Arsenic, Total 23 1.0 ng/kg dry 11/11/03 JMF TUSEPA-6020
Lead, Total 617 60 mg/kg dry 11/13/03 DSC USEPA-6020

A\
@ .
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This report shall not be reproduced except in full, without written authorization of TriMatrix Laborataries, Inc.
Individual sample results relate only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 « (616) 975-4500 * Fax (616) 942-7463



A TriMatrix

Laboratories, Inc.

lient: Advanced GeoServices Corporation
Project: RMC - Beech Grove, IN

Submittal #: 35132-35
Subnmittal: October 2003 Soil Samples

Sample ID: R25B25-3- 10

Sample #: 348106
Matrix: Soil/solid
Analytical Repbrting
Parameter Result Limit
Arsenic, Total 17 1.0
Lead, Total 425 60

Page 16

ANALYTICAL REPORT

Sampled: 10/29/03 @ 09:50
Sampler:
Received: 10/31/03 @ 09:00
Percent Solids: n/a.
Analysis Reference
Unit Date Chem Citation

mg/kg dry 11/11/03 JMF USEPA-6020
mg/kg dry 11/13/03 DSC USEPA-6020

This report shall not be reproduced except in full, without written authorization of TriMatrix Laboratories, Inc.
Individual sample resules relace only to the sample tested,

5560 Corporate Exchange Court SE * Grand Rapids, M1 49512 « (616) 975-4500 « Fax (616) 942-7463




ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 10:10
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B26-~0-3

Sample i#: 348107
Matrix: Soil/solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 163 25 mg/kg dry 11/13/03 DSC USEPA-6020
Lead, Total 12200 1200 mg/kg dry 11/13/03 DSC USEPA-6020

® - R
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This report shall not be reproduced except in full, without written authorization of TriMarix Laboratories, Inc.
Individual sample results refate only o the sample tested.
5560 Corporate Exchange Court SE ¢ Grand Rapids, MI 49512 + (616) 975-4500 « Fax (61G) 942-7463



TriMatrix

l ée Laboratories, Inc.

ANALYTICAL REPORT

.lient: . Advanced GeoServices Corporation Sampled: 10/29/03 @ 10:20
Project: RMC - Beech Grove, IN Sampler:
Received: - 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B26-3- 10

Sample #: 348108
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citatiom
Aréenic, Total 114 25 . mg/kg dry 11/13/03 DsC USEPA-6020
Lead, Total 6020 600 mg/kg dry 11/13/03 DSC USEPA-6020

Page 18 : \o\

This repore shall not be .'cprod‘uc.:cd except in full, withour written zuthorization of TriMarrix Laboratories, Inc.
Individual sample results relate only o the sample tested.

.5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 ¢ (616) 975-4500 « Fax (616) 942-7463




A, TriMatrix

é Laboratories. Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 10:30
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B27-0-3

Sample #: 348109
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting ' Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 25 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 786 120 mg/kg dry 11/13/03 DSC USEPA-6020

N\
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This report shall not be reproduced except in full, withour written authorization of TriMatrix Laboracories, Inc.
Individual sample resules relate only to the sample tested.

5560 Corporate Exchange Court SE ¢ Grand Rapids, MI 49512 « (616) 975-4500 » Fax (G16) 942-7463




Laboratories, Inc.

l 69 TriMatrix

ANALYTICAL, REPORT

‘lient: Advanced GeoServices Corporation Sampled: 10/29/03 @ 10:40
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B27-3- 10

Sample #: 348110
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 35 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 658 120 mg/kg dry 11/13/03 DSC USEPA-6020

Page 20 ~

This report shall not be seproduced except in full, withour written authorization of TriMacrix Laboratories, Inc.
Individual sample results relate only 1o the sample tested.
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TriMatrix

é Laboratories, Inc.

ANALYTICAL REPORT

ient: Advanced GeoServices Corporation Sampled: 10/29/03 @ 11:00
Project: RMC - Beech Grove, IN Sampler:
' Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B28-0-3

Sample #: 348111
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting - Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total 23 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 684 120 mg/kg dry 11/13/03 DSC USEPA-6020

o R
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This reporr shall not be reproduced except in full, withour written authorization of TriMatrix Laboratories, Inc.
Individual sample results relate only to the sample tested.

5560 Corporate Exchange Court SE * Grand Rapids, M1 49512 * (616) 975-4500 * Fax (616) 942-7463



TriMatrix

é@ Laboratories, Inc.

ANALYTICAL REPORT

Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 11:05
"~ Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B28-3- 10

Sample #: 348112
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parametex Result Limit Unit Date Chem Citation
Arsenic, Total 20 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 403 60 mg/kg dry 11/13/03 DSC USEPA-6020

@ X
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This reporr shall not be reproduced except in full, withour wricten authorizartion of TriMarrix Laborarories, Inc.
Individual sample results relate only to the sample rested.
5560 Corporate Exchange Court SE * Grand Rapids, MI 49512 = (616) 975-4500 « Fax (618) 942-7463




l écaéTn'lVIatrix

Laboratories, Inc.

ANALYTICAL REPORT

.Client: Advanced GeoServices Corporation Sampled: 10/29/03 @ 11:10
Project: RMC - Beech Grove, IN Sampler:
Receilved: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: R25B28D-3-10

Sample #: 348113
Matrix: Soil/Solid Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total _ 22 1.0 mg/kg dry 11/11/03 JMF USEPA-6020
Lead, Total 450 60 mg/kg dry 11/13/03 DSC USEPA-6020

Page 23 N

This report shall not be reproduced excepr in full, withour writcen authorization of TriMatrix Laborataries, Inc.
Individual sample results refate only to the sample tested.
5560 Corporate Exchange Court SE * Grand Rapids, M1 49512 + (616) 975-4500 « Fax (616) 942-7463




TnMatnx

Laboratones, Inc.

ANALYTICAL REPORT

lient: Advanced GeoServices Corporation Sampled: 10/29/03 @ 11:30
Project: RMC - Beech Grove, IN Sampler:
Received: 10/31/03 @ 09:00

Submittal #: 35132-35
Submittal: October 2003 Soil Samples

Sample ID: EB-4-102903

Sample #: 348114
Matrix: QC Water Percent Solids: n/a
Analytical Reporting Analysis Reference
Parameter Result Limit Unit Date Chem Citation
Arsenic, Total <l1.0 1.0 ug/L 11/12/03 MSG EPA-200.8/6020
Lead, Total <l.0 1.0 ug/L 11/12/03 MSG EPA-200.8/6020

. ' g
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Page 24 End of Analytical Report _ E\

This report shall not be reproduced except in full, without written authorization of TriMarrix Laborarories, Inc.

Individual sample results relate only to the sample rested.
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Blank Contamination

Blank ID | Batch No. | Analyte | Conc. (mg/kg) | Conc * 5| Associated Samples | Sample Conc. (mg/kg)
MPB }90840-105| Lead 0.64 3.2 R25B27-3-10 658
R25B28-0-3 684
R25B28-3-10 403
R25B28D-3-10 490

@5\
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Blanks.xls/35132-35



- QUALITY CONTROL REPORT

BLANKS

USEPA CLP FORM 3

Associaxd sgxﬁYVf’L‘S

R2sBr27-3-10
RasR2%F-06-3
RS B 2%- 310
22s BaFh-3—10

Lead, Total

SDG No. 35132 -35 Parameter
Instrument ID 201
Batch Blank Amount Quant. ‘Reference
Numbexr Type Found Limit Citation
209224 BLK 1 <1.0 1.0 EPA-200.8/6020
209224' ‘ICB 1 <1.0 1.0 EPA-200.8/6020
209224 CCB 1 <1.0 1.0 EPA-~200.8/6020
209224 CCB 2 <1.0- 1.0 . EPA-200.8/6020
209224 CCB 3 «<1.0 1.0 EPA-200.8/6020
205224 CCB 4  «<1.0 1.0 EPA-200.8/6020
209246 BLK 1 «<1.0 1.0 EPA-200.8/6020
$ 209246 ICB 1 <1.0 1.0 EPA-200.8/6020
208246 CCB 1 <1.0 1.0 EPA-200.8/6020
209246 CCB 2 «<l1.0 1.0 EPA-200.8/6020
2092456 CCB 3 «<1.0 1.0 EPA-200.8/6020
208246 CCB 4 <1.0 1.0 EPA-200.8/6020
209246 CCB 5 «<1.0 1.0 EPA-200.8/6020
209303 BLK 1 <1.0 1.0 EPA-200.8/6020
209303 ICB 1 <1.0 ~¥1.0 EPA—200.8/6°20
208303 .CCB 1 «<1.0 1.0 EPA-200.8/6020
1209303 CCB 2 «<l.0 1.0 EPA-200.8/6020
205303 CcB 3 «<1.0 1.0 EPA-200.8/6020
209303 CCB 4 <1l1.0 1.0 EPA-200.8/6020
90838-105 MPB 1 <0.60 0.60 USEPA-6020
90840-105 MPB 1 0.60 USEPA-6020
90843-104 MPB 1 <1.0 - 1.0 EPA-200.8/6020

Matrix

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER.

WATER -

WATER
WATER
WATER

- WATER

WATER
WATER
WATER
WATER

SOIL
SOIL
WATER

Units

ug/L
ug/L
ug/L
ug/L
ug/L

‘ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

ug/L

ug/L -

ug/L
ug/L
ug/L
ug/L

mg/kg dry

mg/kg dry

ug/L

This report shall not be reproduced except in full, without written autharization of TriMarrix Laborataries, Inc.
Individual sample results relate only to the sample tested.

- 5560 Corporate Exchange Court SE ¢ Grand Rapxds, MI 49512 « (616) 975-4500 < Fax (616) 942 7463




Site Name: RMC Beech Grove Laboratory: Trimatrix
Project Nurmber: 2003-1046-03
Field Duplicates
Sample ID Analyte Units {Result RPD Qualifier
R2SED-12-0-6 Arsenic mg/kg 11
R2SED-12D-0-6 mg/kg 12 8.70
Lead mg/kg 411
mg/kg 462 11.68
R25B28-3-10 Arsenic mg/kg 20
R25B28D-3-10 mg/kg 22 9.52
' Lead mgkg | 403
mg/kg 490 19.48

Duplicate Criteria: Soil/Solid matrices <40 %RPD for samples with results > EQL

* - Denotes %RPD outside criteria.
NA - Duplicate relative percent difference cannot be calculated.

ND - Not detected.
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. 1 Introduction

1.1  Site Description and History

The Refined Metals Corporation (RMC) facility is located at 3700 South Arlington Avenue in

Beech Grove, Indiana. Secondary lead smelting and refining operations were conducted at this site from

1968 to the end of 1995.

The site occupies approximately 24 acres, of which approximately 10 acres represented the
active manufacturing area (including paved areas and buildings). The remaining 14 acres includes
grassed and wooded site areas. The site is bordered by Arlington Avenue to the east, a natural gas
facility (Citizen's Gas) to the west, a railroad to the north, and Big Four Road to the south (Figure 1).
The site is relatively flat with less than 10 feet of total relief. Natural site drainage is toward the north
and east. The former manufacturing area is almost completely paved, and is characterized by nearly
80,000 square feet of structures consisting of the battery breaker, a wastewater treatment plant, material

storage areas, a blast furnace, a dust furnace, a metals refining area, warehouse and offices.

A total of five exposure areas were evaluated (Figure 1). One onsite area was the fenced main
plant area of the RMC facility, consisting of the plant buildings and surrounding paved areas. The
second onsite area was the grassy area to the north, east, and south of the paved facility area. Within the
grassy area, the two ditches where sediments were collected (Figure 1) were evaluated separately for
certain receptors. Three areas were evaluated offsite: a strip along Arlington Avenue, just outside the
eastern border of the RMC facility; the Railroad Ditch along the northern border of the RMC facility, and
the Citizen's Gas property to the west of the RMC facility.

1.2  Previous Investigations

On July 14, 1998, RMC entered into a Consent Decree with the United States Environmental
Protection Agency (USEPA) and the Indiana Department of Environmental Management (IDEM). Under
this Consent Decree, a RCRA Facility Investigation (RFI) was performed to evaluate and determine the
nature and extent of releases and to collect information necessary to support risk assessment so that a
Corrective Measures Study may be implemented. Pursuant to Section VI, Paragraph 42 of the Consent
Decree (Compliance Requirements for Corrective Action), Advanced GeoServices Corp. (AGC)

performed the RFI in accordance with an approved RFI work plan on behalf of RMC. The preparation
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and implementation of the RFI work plans were enacted in accordance with Exhibit B of the Consent
Decree and the EPA's RCRA Facility Investigation Guidance Document (EPA 530/SW-89-031). The
RFI was conducted in multiple phases. The results from the initial phase of sampling were presented in
the Phase I RFI Report dated August 31, 2000 (AGC, 2000). Based on the results of the Phase [ RFI a
Phase I RFI Work Plan was submitted to the EPA on December 20, 2000. In response to comments on
the Phase II RFI Work Plan issued by the EPA on April 3, 2001, revisions to the Phase II RFI Work Plan
were submitted to the EPA on June 27, 2001. The EPA approved the Phase Il RFI Work Plan on July 13,
2001, the results of which were contained in the Final Phase Il RFI Report dated February 4, 2003.
(AGC, 2003). Additional site sampling was conducted during a closure investigation to address three
former RCRA-regulated solid waste managements units (SWMUs). The results of the SWMU closure
investigation were presented by AGC in the Closure Investigation Report dated June 1, 2001.

1.3  Report Objectives and Organization

This report presents the results of the baseline human health risk assessment (HHRA) that was
conducted to evaluate potential human health risks in each exposure area. The purpose of this evaluation

is to determine whether these areas pose any unacceptable health risks or if they require remediation to

reduce risk to acceptable levels.

The remainder of this report is organized in the following sections. Section 2 discusses the data
used in the risk assessment, and the constituents of potential concern. Section 3 discusses the potential
receptors, exposure media, and exposure pathways for each exposure area. Section 4 presents the
toxicity assessment. Section 5 presents the risk characterization. Section 6 presents soil lead cleanup

levels. Section 7 presents the conclusions for all scenarios evaluated.

‘ 203030

150505w.doc 2 Gradient CORPORATION



. 2 Constituents of Potential Concern

The results of the Phase I RFI indicated that lead and arsenic are the main contaminants of
concern in soil, both onsite and offsite. Lead and arsenic were detected in soil samples from the site at
concentrations above both residential and industrial risk-based concentrations (RBCs). The baseline risk

assessment retained lead and arsenic as chemicals of potential concern (COPCs) in soil.
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3 Exposure Assessment

3.1 Potential Receptors and Exposure Pathways

The potential receptors, exposure media, exposure pathways, and exposure frequencies evaluated
in each exposure area are presented in Table 1, and are discussed in more detail below. Exposure Areas

are shown in Figure 1.

Table 1
Receptors and Exposure Pathways
Exposure Exposure
Exposure Exposure Frequency Duration
Area Media Depth Pathways | Receptors (days/year) (years)
Ingestion, Construction Worker 1 50 5
Plant Area Subsurface soil 0-5 ft germal Construction Worker 2 250 1
ontact
Utility Worker 10 10
Soil and Ingestion, | Groundskeeper 50 25
Sediment 0-6" Dermal
Contact Future Site Worker 144 25
. Ingestion, | Construction Worker 1 50 5
Grassy Area SOII. and 0-5ft Dermal
Sediment Contact Construction Worker 2 250 1
Sediment 0-6" Ingestion, | Agolescent Trespasser 21 3
Dermal
Soil 0-6” Contact Adolescent Trespasser 21 5
. Ingestion
Arlington . . ’
Aven:e Sediment 0-3 Dermal Adolescent Recreator 42 5
Contact
. Ingestion
Railroad . " |
Ditch Sediment 0-3 Dermal Adolescent Recreator 42 5
Contact
Off Site Ingestion,
Natural Gas | Surface soil 0-6" Dermal Adult Worker 225 25
Facility Contact

3.1.1 Facility Area

The plant buildings and surrounding paved areas occupy approximately the central third of the

RMC property. The site is largely paved — the only exposed surface soil is limited to a strip along the
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western fence line. In this exposure area, we evaluated a utility worker and two types of construction
workers who could be exposed to subsurface soil. Both the utility and construction workers are assumed
to be exposed to Subsurface soil at depths from O to 5 feet, via incidental ingestion and dermal contact.
The utility worker is assumed to have an exposure frequency of 10 days/year and an exposure duration of
10 years. Construction Worker 1 is assumed to have an exposure frequency of 50 days/year for 5 years;
this scenario assumes that Exide retains the property, and represents a worker assigned to several small
projects per year over a 5 year period. Construction Worker 2 is assumed to have an exposure frequency
of 250 days/year for 1 year; this scenario assumes that Exide sells the property, and the property

undergoes one year of redevelopment involving subsurface excavation.

3.1.2 Grassy Area North, South, and East of Main Facility

The grassy and wooded areas located north, south, and east of the main facility encompass
approximately the northern and southern thirds of the RMC property (Fft(;\ure 1). The receptors evaluated
in both of these areas include an adolescent trespasser and an adult groundskeeper under current use, a
future site worker, and two types of construction workers who could be exposed to subsurface soil. A
future site worker might be present in the grassy area if the property were sold and the grassy area was
not redeveloped. These receptors are assumed to be exposed to soil and/or sediment via incidental
ingestion and dermal contact. The adolescent trespasser (age 13-18 years) is assumed to have an
exposure frequency of 21 days/year and an exposure duration of 5 years. The groundskeeper is assumed
to have an exposure frequency of 50 days/year and an exposure duration of 25 years. A future site
worker is assumed to spend most of his time in the plant and surrounding paved areas. However, he may
have occasion to visit the grassy/wooded areas for a walk or to eat lunch at a picnic table. The future site
worker is assumed to have an exposure frequency in these areas of 4 days/week for 36 weeks/year or 144
days/year, and an exposure duration of 25 years. Construction Worker 1 is assumed to have an exposure
frequency of 50 days/year for 5 years; this scenario assumes that Exide retains the property, and
represents a worker assigned to several small projects per year over a 5 year period. Construction
Worker 2 is assumed to have an exposure frequency of 250 days/year for 1 year; this scenario assumes

that Exide sells the property, and the property undergoes one year of redevelopment involving subsurface

excavation.
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3.1.3 Offsite Natural Gas Facility

At the offsite natural gas facility, an adult commercial worker was evaluated. The worker is
assumed to be exposed to surface soil via incidental ingestion and dermal contact. The worker is

assumed to have an exposure frequency in these areas of 5 days/week for 45 weeks/year, or 225

days/year, and an exposure duration of 25 years.
3.1.4 Arlington Avenue

In the strip along Arlington Avenue outside the eastern border of the facility, an adolescent
recreator was evaluated. The recreator is assumed to be exposed to sediment via incidental ingestion and

dermal contact for 42 days/year. The adolescent recreator is 13-18 years old, therefore his exposure

duration is 5 years.
3.1.5 Railroad Ditch

In the Railroad Ditch area along the northern border of the RMC facility, an adolescent recreator
was evaluated. The recreator is assumed to be exposed to sediment via incidental ingestion and dermal

contact for 42 days/year. The adolescent recreator is 13-18 years old, therefore his exposure duration is 5

years.

3.2 Exposure Point Concentrations

In a risk assessment, an Exposure Point Concentration (EPC) represents the concentration of a
chemical in an environmental medium to which an individual is exposed. The calculation of EPCs is
described below. The EPCs used in this risk evaluation are presented in Table 2. The datasets used and

the EPC calculations are presented in Appendix B for lead and Appendix C for arsenic.
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Table 2
Exposure Point Concentrations
Arsenic Lead
95%UCL Mean
Exposure Area [Receptor Media Depth mg/kg Basis mg/kg
Construction Worker 1 & 2 ,
i ’ - t 20,266
Onsite Utility Worker Soil 0-5 ft 123 NP, Bootstrap
~—~ .~ INP
Groundskeeper Soil and . 7 ) ’
. ’ . 0-6 in (J79_/ |Chebyshev 20,158
Future Site Worker Sediment - 99% UCL
Soil and -y NP
Construction Worker 1 & 2 [0 o0 0-30 in i 818 Chebyshev 13,392
Sediment
Grassy Area 99% UCL
NP7
Adolescent Trespasser Soil 0-6 in 60 Chebyshev 1,908
95% UCL
Adolescent Trespasser Sediment 0-6 in (L,@ Gamma UCL | 89,100
NP,
Arlington Ave |Adolescent Recreator Sediment 0-3 in 38 Chebyshev 3,032
05% UCL
Railroad Ditch JAdolescent Recreator Sediment 0-3 in 169 Max 5,150
Offsite Gas Iy eer Soil 0-6 in 285 [LN,H-UCL | 1311
Facility

NP Nonparametric
LN Lognormal

For arsenic, the EPCs were the 95% upper confidence level on the mean (95UCL) concentration.
The 95UCL is used instead of the mean or arithmetic average because it is not possible to know the true
mean (USEPA, 1992b). The 95UCL is defined as a value that ..."equals or exceeds the true mean 95%
of the time" (USEPA, 1992b). As sampling data become more representative of actual site conditions,
uncertainties decrease, and the 95UCL approaches the true mean. The 95UCL values were calculated

with ProUCL®© according to USEPA guidance (USEPA, 2002a).

To evaluate lead risks, the arithmetic mean soil lead concentration within the exposure area was

used as the EPC to be consistent with USEPA guidance (USEPA, 1994; USEPA, 1996)
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3.3  Quantification of Exposure

This section discusses the basis for calculating human intake levels resulting from exposures to
COPCs other than lead (in this case arsenic), and describes each input parameter. Human intake levels
for lead are discussed in Section 5. Exposure estimates represent the daily dose of a chemical taken into
the body, averaged over the appropriate exposure period, expressed in the units of milligram (mg) of
chemical per kilogram (kg) of human body weight per day. The primary source for the exposure
equations used in the HHRA is the USEPA’s "Risk Assessment Guidance for Superfund (RAGS)"

(USEPA, 1989).1 The generalized equation for calculating chemical intakes is shown below:

I = EPCXCRXEF XED
BW x AT
where:

I = Intake, the amount of chemical at the exchange boundary (mg/kg body weight-
day),

EPC = Exposure Point Concentration, the chemical concentration contacted over the
exposure period at the exposure point (e.g., mg/kg in soil),

CR = Contact Rate, the amount of contaminated medium contacted per unit time or
event (e.g., soil ingestion rate (mg/day)),

EF = Exposure Frequency, describes how often exposure occurs (days/year),

ED = Exposure Duration, describes how long exposure occurs (yr),

BW = Body Weight, the average body weight over the exposure period (kg), and

AT = Averaging Time, period over which exposure is averaged (days).

Exposure factors (e.g., contact rate, exposure frequency, exposure duration, body weight)
describe a receptor's exposure for a given exposure scenario. The values used for each exposure factor
are summarized in Table 3 and discussed in detail below. The exposure factor input values are consistent

with current USEPA guidance. Where appropriate, exposure parameters were based on site-specific

considerations and professional judgment.

! Note that this approach is not used to evaluate lead. Consistent with USEPA guidance, lead exposure is evaluated using a child

or adult lead model to estimate blood lead levels.
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Table 3
Summary of Exposure Factor Input Values for Arsenic Risks

Exposure Area Onsite Onsite Onsite Grassy Area  Grassy Area  Grassy Area
Medium Soil Soil Soil Soil/Sediment  Soil/Sediment Soil/Sediment
Construction Construction Utility Grounds- Future Site  Construction
Receptor Worker 1 Worker 2 Worker keeper Worker Worker 1
Exposure Pathway/Exposure Factor
Ingestion of Soil
Ingestion Rate (mg/day) 330 330 330 100 50 330
Exposure Duration (yr) 5 1 10 25 25 5
Exposure Frequency (days/yr) 50 250 10 50 144 50
Body Weight (kg) 70 70 70 70 70 70
Bioavailability (arsenic) 0.8 0.8 0.8 0.8 0.8 0.8
Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001
Fraction from Contaminated Source 1 1 1 1 1 1
Averaging Time (days) — Cancer 25550 25550 25550 25550 25550 25550
Averaging Time (days) - Non Cancer 1825 365 3650 9125 9125 1825
Dermal Contact with Soil
Dermal Absorption Factor (arsenic) 0.03 0.03 0.03 0.03 0.03 0.03
Soil Adherence Factor (mg/cm®) 0.2 0.2 0.2 0.2 0.07 0.2
Surface Area (cm?/d) 3300 3300 3300 3300 3300 3300
Exposure Duration (years) 5 1 10 25 25 5
Exposure Frequency (days/yr) 50 250 10 50 144 50
Body Weight (kg) 70 70 70 70 70 70
Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001
Fraction from Contaminated Source 1 1 1 1 1 1
Averaging Time (days) - Cancer 25550 25550 25550 25550 25550 25550
Averaging Time (days) - Non Cancer 1825 365 3650 9125 9125 1825
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Table 3
Sumimary of Exposure Factor Input Values for Arsenic Risks (cont'd)

Railroad Offsite Gas

Exposure Area Grassy Area  Grassy Area  Grassy Area Arlington Ave. Ditch Facility

Medium Soil/Sediment Soil Sediment Sediment Sediment Soil
Construction  Adolescent Adolescent Adolescent Adolescent

Receptor Worker 2 Trespasser Trespasser Recreator Recreator Worker

Exposure Pathway/Exposure Factor

Ingestion of Soil

Ingestion Rate (mg/day) 330 50 50 50 50 50
Exposure Duration (yr) 1 5 5 5 5 25
Exposure Frequency (days/yr) 250 21 21 42 42 225
Body Weight (kg) 70 58 58 58 58 70
Bioavailability (arsenic) 0.8 0.8 0.8 0.8 0.8 0.8
Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001
Fraction from Contaminated Source 1 1 1 1 1 1
Averaging Time (days) — Cancer 25550 25550 25550 25550 25550 25550
Averaging Time (days) - Non Cancer 365 1825 1825 1825 1825 9125
Dermal Contact with Soil
Dermal Absorption Factor (arsenic) 0.03 0.03 0.03 0.03 0.03 0.03

- Soil Adherence Factor (mg/cm?) 0.2 0.07 0.07 0.07 0.07 0.2
Surface Area (cm?/d) 3300 4270 4270 4270 4270 3300
Exposure Duration (years) 1 5 5 5 5 25
Exposure Frequency (days/yr) 250 21 21 42 42 225
Body Weight (kg) 70 58 58 58 58 70
Conversion Factor (kg/mg) 0.000001 0.000001 0.000001 0.000001 0.000001 0.000001
Fraction from Contaminated Source 1 1 1 1 1 1
Averaging Time (days) - Cancer 25550 25550 25550 25550 25550 25550
Averaging Time (days) - Non Cancer 365 1825 1825 1825 1825 9125
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3.3.1 [Ingestion of Seil

For the soil ingestion pathway intake is calculated as:

., (—m—g) xBXIR, , (ﬁ) x FS X EF(ia—yi) « ED(yrs)x 107 X8
mg kg day yr mg
Intake =
[kg - dayj BW (kg )x AT (days)
where:

Ct = Concentration of the chemical in soil (mg/kg)
B = Relative Bioavailability, the relative oral absorption fraction (unitless)
R = Soil Ingestion Rate (mg/day)
FS = Fraction of Soil from the site (unitless)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time (days)

Gradient used conservative USEPA-recommended values for each of the input parameters. The

basis for each value used is detailed below.

Soil Concentrations (Cs,y). As summarized in Section 3.2, the 95UCL was used as the EPC.

Relative Bioavailability (B). To accurately quantify potential exposures from ingestion of soil, it
is important to consider the amount of a chemical that is solubilized in gastrointestinal fluids and
absorbed across the gastrointestinal tract into the bloodstream. A chemical present in soil may be
absorbed less completely than the same dose of the chemical administered in toxicity studies used to
evaluate safe dose levels. A relative bioavailability estimate for a specific compound represents the
absorption fraction from soil (the exposure route of concern) relative to the absorption fraction from food

or water (in most toxicity studies, chemical doses are administered in food or water).

It is widely recognized that bioavailability of many metals and organics from soil tends to be
considerably lower than bioavailability from food or water. USEPA guidance recognizes the need to
make adjustments for the reduced bioavailability of compounds in soil. Specifically, in Appendix A of

USEPA's Risk Assessment Guidance for Superfund (USEPA, 1989, pg. A-3), USEPA notes:
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If the medium of exposure in the site exposure assessment differs from the medium of
exposure assumed by the toxicity value (e.g., RfD values usually are based on or have
been adjusted to reflect exposure via drinking water, while the site medium of concern
may be soil), an absorption adjustment may, on occasion, be appropriate. For example, a
substance might be more completely absorbed following exposure to contarninated
drinking water than following exposure to contaminated food or soil (e.g.. if the
substance does not desorb from soil in the gastrointestinal tract).

USEPA Region 10 risk assessment guidance provides default values for the bioavailability of
arsenic in soil. Region 10 notes that if the site is a smelter site and its appears likely that the arsenic
exists primarily as finely-grained oxides from smelter stack emissions, then a value of 80% relative
bioavailability may be assumed. Region 10 notes that this value is supported by a conservative
interpretation of the scientific literature (USEPA Region 10, 1997). A relative bioavailability of 80%

was used for arsenic in this risk assessment.

For lead, the USEPA recommends an oral absorption factor for adults of 0.12 for ingestion of
lead in soil, based on 20% absorption of soluble lead, and a relative bioavailability of 60% for lead in soil
(i.e.,0.12 = 0.2 x 0.6) (USEPA, 1996). Gradient used the recommended USEPA absorption factor of

0.12 to evaluate ingestion of lead contaminated soil for adult receptors.

Soil Ingestion Rate (IR,,;). A daily soil and dust ingestion rate of 50 mg/day was used for the
adolescent trespasser, adolescent recreator, site worker, and offsite gas facility worker. USEPA
considers this value to be a reasonable central estimate of adult soil ingestion and notes that although this
value is highly uncertain, "a recommendation for an upper percentile value would be inappropriate"
(USEPA, 1997a). A daily soil and dust ingestion rate of 100 mg/day was used for the groundskeeper
(USEPA, 2002b). A daily soil and dust ingestion rate of 330 mg/day was used for the onsite construction

worker and the onsite utility worker, as these receptors are assumed to have more intensive contact with

soil than the other adult receptors (USEPA, 2002b).

Fraction of Soil From the Site (FS). For all receptors, it was assumed that 100% of the
individual's daily soil exposure occurred at the site. This assumption is likely to overestimate exposure
to contaminated soil for workers, trespassers, and recreators because workers are assumed to be at the

site for only 8 hours per day, and trespassers are likely present less than 2 hours per visit.
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Exposure Frequency (EF) and Exposure Duration (ED). The exposure frequency and duration
used for each receptor are discussed in Section 3.1.1 to 3.1.3. For the site worker, groundskeeper, and
offsite gas workér, the exposure duration is 25 years. This is the 95" percentile duration that an
individual stays at any one workplace (USEPA, 1991). Hence, this assumption overestimates exposures
for most workers, because the median occupational tenure of the working population has been estimated

to be 6.6 years (USEPA, 1997a).

Body Weight (BW). Although the average U.S. adult body weight in the current Exposure
Factors Handbook (USEPA, 1997a) is 71.8 kg, a mean adult body weight of 70 kg (USEPA, 1991) was
used in the HHRA, so that the body weight would be consistent with that used in deriving the toxicity
factors. Average body weight for the adolescent trespasser and recreator (13-18 year old) was calculated

from data in USEPA's Exposure Factors Handbook and used in the HHRA (USEPA, 1997a).

Averaging Time (AT). For non-cancer risks, the averaging time was equal to the exposure
duration multiplied by 365 days/year. For cancer risks, exposures were averaged over a 70-year average
lifetime (USEPA, 1991). Although the current life expectancy for men and women in the U.S. is 76.7
years (USEPA, 1997a), a value of 70 years (25,550 days) was used to be consistent with the value used in

deriving the toxicity factors.

3.3.2 Dermal Contact with Surface Soil

For dermal exposure to contaminants in soil, a dermal intake (the amount absorbed into the body)

is calculated as (USEPA, 2004c):

C.. (”—’g-j x DAX AF( mng ) x SA[ cm_ ) X EF(”‘”’” J x ED(yrs)x 10 X8
3 kg cm” event yr mg

Im‘ake( § ) =
kg - day BW(kg)x AT (days)
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where:
Coit = Concentration of the chemical in soil (mg/kg),
DA = Dermal Absorption factor (unitless)
AF = Soil/skin Adherence Factor (mg/cmz),
SA = Skin surface Area exposed (cm*/exposure event),
EF = Exposure Frequency (exposure events/year),
ED = Exposure Duration (years),
BW = Body Weight (kg), and
AT = Averaging Time (days).

There are three parameters in this equation that are different from those discussed in the previous
section (Section 3.3.1). Only those parameters unique to the dermal exposure equation, dermal

absorption fraction (DA), the soil adherence factor (AF), and the skin surface area (SA), are discussed in

this section.

Note that since absorbed doses are used for the dermal pathway, the toxicity criteria are adjusted
so they apply to absorbed doses. This adjustment is discussed in more detail in the toxicity section

(Section 4).

Dermal Absorption Fraction (DA). The dermal absorption fraction represents the amount of a
chemical in contact with skin that is absorbed through the skin and into the bloodstream. The dermal

absorption fraction for arsenic (0.03) was obtained from USEPA's dermal risk assessment guidance

(USEPA, 2004c; Table 3.4).

Soil to Skin Adherence Factor (AF). The adherence factor relates the amount of soil that adheres
to the skin per unit of surface area (USEPA, 2004c). Adherence factors vary depending on the properties
of the soil, the part of the body, and the type of activity. Gradient used the 50™ percentile weighted
adherence factors from USEPA's dermal risk assessment guidance (USEPA, 2004c). The AF for utility
workers (0.2 mg/cm®) was used for the construction worker, utility worker, groundskeeper, and offsite
gas facility worker. EPA's recommended AF for the residential adult (0.07 mg/cmz) was used for the

future site worker, adolescent trespasser, and adolescent recreator.

Skin Surface Area Exposed (SA). This parameter reflects the amount of skin that is available for
exposure to soil. The skin surface areas used in the HHRA were 3300 cm” for the construction worker,

utility worker, site worker, groundskeeper, and offsite gas facility worker, based on the face, hands, and
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forearms; and 4270 cm’ for the trespasser and recreator, based on the face, hands, forearms, and lower
P

. legs. Surface areas were calculated using USEPA's Exposure Factors Handbook (USEPA, 1997a).
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I . 4 Toxicity Assessment

4.1 Overview of Toxicity Values

Gradient has evaluated potential cancer and non-cancer risks from exposure to arsenic using
dose-response relationships for carcinogenicity (oral Cancer Slope Factors) and systemic toxicity (oral
Reference Doses). Lead toxicity is discussed separately in Section 4.2. The primary source of toxicity
values was the USEPA’s Integrated Risk Information System (IRIS) (USEPA, 2004a). Toxicity values in
IRIS undergo a rigorous peer review process and are generally considered to be of high quality. The

toxicity factors used in the HHRA are summarized in Table 4.

Table 4
Toxicity Factors
Compound RED Critical RID Uncertainty Oral RED germat CSF CSF germat
(mg/kg- Effect Source Factor Absorption (mg/kg- (mg/kg- (mg/kg-
day) day) day) day)
Arsenic 0.0003 Hyperpigmentation, 1RIS 3 95% 0.0003 1.5 15

keratosis and
possible vascular
complications

4.1.1 Oral Reference Doses (RfD,.a1)

An RID is an estimate of daily exposure that a sensitive population can experience over a
lifetime with a negligible risk of systemic health effects. The USEPA derives RfDs by first identifying
the highest dose level that does not cause observable adverse effects (i.e., the No Observed-Adverse
Effect Level, or NOAEL; USEPA, 1993). If a NOAEL was not identified, a Lowest Observed Adverse
Effect-Level, or LOAEL, may be used. This dose level is then divided by uncertainty factors to calculate
an RfD. An uncertainty factor of 100 is often used, to account for interspecies differences (if animal
studies were used) and sensitive human subpopulations (e.g., children and the elderly; USEPA, 1993).

Additional uncertainty factors may be used, depending on the quality of the toxicological data.

4.1.2 Oral Cancer Slope Factors (CSF..)

The CSF is an upper bound estimate of carcinogenic potency used to calculate risk from
exposure to carcinogens, by relating estimates of lifetime average chemical intake to the incremental risk
of an individual developing cancer over their lifetime (USEPA, 1992c). The CSFs recommended by the
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USEPA are conservative upper bound estimates, which means that the USEPA is reasonably confident
that the "true" cancer risk does not exceed the estimated risk calculated using the CSF, and may be as low

as zero.

4.1.3 Dermal Reference Doses (RfDgermar)

There are no USEPA-derived toxicity values based specifically on toxicity studies involving
dermal exposures. In the absence of dermal-specific RfDs, oral toxicity factors are used, assuming that
once a chemical is absorbed into the blood stream, the health effects are similar regardless of whether the
route of exposure is oral or dermal. However, since oral toxicity criteria are based on the amount of a
chemical administered per unit time and body weight (chemical intake), they need to be adjusted to be
applicable to absorbed doses (dermal exposures are expressed as absorbed intake levelsy (USEPA, 1989;
1992a; 2004c).

Since most RfDs are based on studies where a chemical is administered in food or water, this
adjustment is made using the oral absorption efficiency for that chemical. If oral absorption is very high
(almost 100%), then the absorbed dose is virtually the same as the administered dose, and no adjustment
of the toxicity factor is necessary. If oral absorption is very low (e.g., 5%), the absorbed dose is much
smaller than the administered dose, and an adjustment of the toxicity criteria is necessary. For any given
chemical, the USEPA recommends adjusting the oral toxicity factor for use in evaluating dermal risks
only when the oral absorption for that chemical is less than 50%, to "obviate the need to make
comparatively small adjustments in the toxicity value that would otherwise impart on the process a level

of accuracy that is not supported by the scientific literature" (USEPA, 2004c¢).

For non-cancer effects, this adjustment is made by multiplying the oral RfD (for applied doses)
by the oral absorption efficiency (i.e., RfDyey X Absgq = RfDyem)- For arsenic, the oral absorption

efficiency is 95%, therefore no adjustment is necessary and the RfDyepy is the same as the RfDgy

(Table 4).

4.14 Dermal Cancer Slope Factors (CSF germal)

There are no USEPA-derived toxicity values specifically for cancer studies involving dermal
exposures. In the absence of dermal-specific CSFs, oral CSFs are used, assuming that once a chemical is

absorbed into the blood stream, the carcinogenic effect is similar regardless of whether the route of
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exposure is oral or dermal. However, since oral CSFs are based on the amount of a chemical
administered per unit time and body weight (chemical intake), they need to be adjusted to be applicable
to absorbed doses (dermal exposures are expressed as absorbed intake levels) (USEPA, 1989; 1992a;
2004c). For any given chemical, the USEPA recommends adjusting the oral CSF for use in evaluating
dermal risks only when the oral absorption for that chemical is less than 50%, to "obviate the need to
make comparatively small adjustments in the toxicity value that would otherwise impart on the process a

level of accuracy that is not supported by the scientific literature” (USEPA, 2004c).

For cancer, this adjustment is made by dividing the oral CSF (for applied doses) by the oral
absorption efficiency (i.e., CSFy / AbSgm = CSFyema), if the oral absorption efficiency is less than 50%.
For arsenic, this value is 95%, therefore the CSFgerma 15 the same as the CSF,,; (Table 4).

4.2  Toxicity Values for COPCs

The basis of the arsenic toxicity values is described in this section and summarized in Table 4.
Lead toxicity is also discussed in this section because of the unique way exposure and risk are evaluated

for this metal.

4.2.1 Arsenic

The toxicity criteria for arsenic were obtained from the USEPA IRIS database (USEPA, 2004a).
The derivation of each of these values, and the scientific uncertainties concerning arsenic toxicity, are

discussed below.

42.1.1 Arsenic RfD,.

USEPA cites an RifD, for arsenic of 0.0003 mg/kg-day (USEPA, 2004a). The arsenic RfDy is
based on increased incidence of hyperpigmentation, keratosis and possible vascular complications in a
study of a large population (over 40,000 people) in Taiwan with chronic exposure to arsenic in drinking
water and food (Tseng, 1977; Tseng et al., 1968). The USEPA characterized a NOAEL of 0.0008
mg/kg/day for skin lesions in the Tseng study, based on the drinking water concentration in the NOAEL
group (0.009 mg/L), an assumed drinking water ingestion rate of 4.5 L, daily arsenic intake from sweet
potatoes and rice of 0.002 mg/day, and an average Taiwanese body weight of 55 kg ((0.009 mg/L x 4.5
L/day) + 0.002 mg/day / 55 kg) (Abernathy et al., 1989). An uncertainty factor of 3 (based on the lack of
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reproductive toxicity data and uncertainty regarding toxicity in sensitive individuals) was applied to the
NOAEL to derive an RfD of 0.0003 mg/kg/day (0.0008/3). Overall, the USEPA has "medium"
confidence in the study, "medium" confidence in the database (due to poor characterization of the dose
levels in the Tseng and other supporting studies), and "medium" confidence in the RfD,,,; for arsenic. It
is noted in the arsenic IRIS file that a clear consensus does not exist among USEPA scientists regarding

arsenic systemic toxicity (USEPA, 2004a).

4.2.1.2 Arsenic CSF.a

USEPA concluded that arsenic is a "human carcinogen," a weight-of-evidence classification for
carcinogenicity of "A" (USEPA, 2004a). This classification is based on sufficient evidence of
carcinogenicity in human populations. Lung cancer has been associated with inhalation of arsenic, and

skin, bladder, and possibly other internal cancers have been associated with ingestion of arsenic in

drinking water.

In IRIS, the USEPA recommends a CSF,, value for arsenic of 1.5 (mg/kg/day)‘l (USEPA,
2004a). This value is based on skin cancer incidence rates in the same Taiwanese study used as the basis
for the RfD,, value (Tseng, 1977; Tseng et al., 1968). This value was calculated using a multistage
model, assuming a drinking water ingestion rate of 3.5 L/day for Taiwanese males and 2 L/day for

Taiwanese females, an average Taiwanese body weight of 55 kg, and an average U.S. body weight of
70 kg.

There is currently considerable debate among the scientific community regarding the arsenic
CSF,,. Many researchers believe that the current value of 1.5 (mg/kg/day)’1 may overestimate cancer

risks for U.S. populations (see, for example, Slayton ez al., 1996; Chappell et al., 1997).

4.2.1.3 Arsenic RfDge., and CSFyerm

In general, for dermal exposures (expressed as absorbed intake levels), the RfDgy, and CSF,,, are
adjusted to be applicable to absorbed doses (USEPA, 1989; 1992a). This adjustment is made assuming
that once a chemical is absorbed into the blood stream, the health effects are similar regardless of
whether the route of exposure is oral or dermal. However, since oral absorption for arsenic is about 95%
(USEPA. 2004c), and the USEPA recommends adjusting dermal toxicity factors only when oral

absorption is less than 50%, no adjustment was made for arsenic.
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422 Lead

The ingestion of lead at certain levels can result in significant health effects, particularly among
children. Epidemiological investigators have reported a correlation between blood lead levels (BLLs) in
children and adverse health effects. High levels of lead intake can cause kidney damage, convulsions,
coma, and even death (ATSDR, 1999). However, health effects resulting from lower levels of lead
exposure are more common, and are related to cognitive and neuro-behavior impacts, including the

impairment of intellectual performance.

The USEPA has not established any toxicity criteria (RfD, CSF) for lead (USEPA, 2004b);
instead, lead risks are evaluated by modeling blood lead levels. Lead risks in adults were evaluated using

USEPA's Adult Lead Model (USEPA, 2003). This model is discussed in more detail in Section 5.4.

The USEPA has assigned lead a Weight-of-Evidence Classification for human carcinogenicity of
"B2", a "probable human carcinogen,” based on sufficient animal evidence but inadequate human
evidence (USEPA, 2004b). Even though the weight of evidence for lead carcinogenicity is B2, the
USEPA does not evaluate lead cancer risk using a CSF, having concluded that neurological effects in

young children are the most relevant endpoint.
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. 5 Risk Characterization

In this section, cancer and non-cancer health risks are estimated by combining the information
from Sections 2 through 4. The calculations used to estimate cancer and noncancer risks are presented in
Sections 5.1 and 5.2, respectively. Section 5.3 discusses the calculated cancer and noncancer risks for
each exposure area. Section 5.4 presents the lead risks by exposure area. Section 5.5 provides a

qualitative discussion of the most significant sources of uncertainty in the risk estimates.

5.1 Calculation of Cancer Risks

Excess lifetime cancer risks are characterized as the incremental probability that an individual
will develop cancer during his or her lifetime due to chemical exposure to constituents at the site under
the specific exposure scenarios evaluated. The term "incremental” implies the risk above the background
cancer risk experienced by all individuals in the course of daily life. According to Greenlee et al. (2001),
the lifetime probability of developing cancer (i.e., background cancer risk) is approximately 0.435 in
men, and 0.383 in women. Cancer risks are expressed as a unitless probability (e.g., one in a million, or

10 of an individual developing cancer over a lifetime, above background risk, as a result of exposure to
g g p

impacted environmental media at a site.

Excess (incremental) cancer risks for all of the exposure pathways (oral, dermal, and inhalation)
are calculated using intake estimates (lifetime average daily doses, calculated in Section 3 as part of the

exposure assessment) and CSFs (summarized as part of the toxicity assessment in Section 4) as follows

(USEPA, 1989):

-1
CancerRisk = Intake ms x CSF mg
kg - day kg - day

For ingestion pathways, oral intake estimates (expressed as applied or administered dose levels)
are multiplied by the oral CSF (applicable to applied/administered doses). Similarly, for inhalation
pathways, inhalation intake estimates (also expressed as applied or administered dose levels) are
multiplied by the inhalation CSF (applicable to applied/administered doses). For dermal exposures,
dermal intake estimates (expressed as an absorbed dose level) are multiplied by an adjusted oral CSF

(adjusted to apply to absorbed doses) (USEPA, 2004c). The total cancer risk for each receptor is the sum

of the risks across all of the exposure pathways.

203030

£50505w.doc 21 Gradient CORPORATION




5.2 Calculation of Noncancer Risks

Risks from non-carcinogenic health effects are expressed as hazard quotients rather than as
probabilities. A hazard quotient compares the calculated exposure (average daily doses, calculated as
part of the exposure assessment in Section 3) to acceptable reference exposures derived by the USEPA
(e.g., RfDs, summarized as part of the toxicity assessment in Section 4). The hazard quotient is

calculated from the RfD as follows (USEPA, 1989).

Intake mg
kg - day

mg
Rﬂ)( kg - day}

For the ingestion exposure route an oral intake estimate (expressed as applied or administered

Hazard Quotient =

dose) is divided by the oral RfD (applicable to applied/administered dose). Similarly, for the inhalation
exposure route an inhalation intake estimate (also expressed as applied or administered dose) is divided
by the inhalation RfD (applicable to applied/administered dose). For dermal exposure, a dermal intake

estimate (expressed as an absorbed dose) is divided by an adjusted oral RfD (adjusted to apply to
absorbed dose).

Hazard indices are calculated for each receptor and exposure pathway, according to USEPA
guidance (1989). A hazard index greater than 1.0 is considered to represent a significant health risk.
Because a hazard quotient is simply a ratio of site exposures to reference exposure levels (e.g., RfDs,
RfCs, etc.), hazard indices do not represent the probability that an adverse health effect could occur.
They simply indicate whether an estimated exposure for an individual presents a significant noncancer

health risk, based on the USEPA's recommended reference dose.

5.3 Estimated Cancer and Noncancer Risks

The estimated cancer and noncancer risks for arsenic are discussed below by exposure area.
Lead risks are discussed separately in Section 5.4. Cancer risks are summarized in Table 5. The total
cancer risk for each receptor is the sum of the risks over all exposure routes and all exposure periods.

Noncancer risks are also summarized in Table 5. The total noncancer risk for each receptor is the sum of
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the risks over all exposure routes. The detailed risk calculation tables in Appendix A present the arsenic
risks calculated for each receptor and exposure pathway. The percent contribution of each exposure

pathway to the total risk is also shown.

5.3.1 Main Facility Area

In the main facility area onsite, we evaluated two types of construction workers (Construction
Workers 1 & 2) and a utility worker for exposure to arsenic in subsurface soil via incidental ingestion

and dermal contact.

The total excess lifetime cancer risk is 7x10° for both construction workers, and 3x10° for the

utility worker. These risk estimates are within USEPA's target risk range of [x10° to 1x10™.

The total hazard index (HI) is 0.2 for Construction Worker 1, 1 for Construction Worker 2, and

0.05 for the utility worker. The remaining values are well below a HI of 1.0.

53.2 Grassy Area

In the grassy area located north, south, and east of the main facility, we evaluated a
groundskeeper, a future site worker, two types of construction workers (Construction Workers 1 & 2), an
adolescent trespasser exposed to soil, and an adolescent trespasser exposed to sediment. These receptors

were assumed to be exposed to arsenic in soil or sediment via incidental ingestion and dermal contact.

The total excess lifetime cancer risks are 8x107 for the groundskeeper, 1x10™ for the future site
worker, 5x107 for both construction workers, 3x107 for the adolescent trespasser exposed to soil, and
7x10° for the adolescent trespasser exposed to sediment. These risk estimates are within or less than

USEPA's target risk range of 1x10°® to 1x10™.

The total hazard index (HI) is 0.5 for the groundskeeper, 0.7 for the future site worker, 2 for
Construction Worker 1, 8 for Construction Worker 2, 0.01 for the adolescent trespasser exposed to soil,

and 0.2 for the adolescent trespasser exposed to sediment. The two construction workers exceed a HI of

1.0. The other four receptors are below a HI of 1.0.
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5.3.3 Arlington Avenue

In the Arlington Avenue area along the eastern border of the RMC property, we evaluated an

adolescent recreator exposed to arsenic in surface sediment via incidental ingestion and dermal contact.

The total excess lifetime cancer risk for exposure to arsenic in sediment is 4x107 for the

Arlington Avenue recreator. This risk estimate is below USEPA's target risk range of 1x107° to 1x10™.

The total hazard index (HI) for exposure to arsenic in sediment is 0.01 for the Arlington Avenue

recreator. This value is well below a HI of 1.0.

5.3.4 Railroad Ditch

In the Railroad Ditch area along the northern border of RMC property, we evaluated an

adolescent recreator exposed to arsenic in surface sediment via incidental ingestion and dermal contact.

The total excess lifetime cancer risk for exposure to arsenic in sediment is 2x10° for the

Railroad Ditch recreator. This risk estimate is within USEPA's target risk range of 1x10° to 1x10™.

The total hazard index (HI) for exposure to arsenic in sediment is 0.05 for the Railroad Ditch

recreator. This value is well below a HI of 1.0.

5.3.5 Offsite Natural Gas Facility

At the offsite natural gas facility to the west of the RMC property, we evaluated a facility worker

exposed to arsenic in surface soil via ingestion and dermal contact.

The total excess lifetime cancer risk is 8x10°® for the gas facility worker. This risk estimate is

within USEPA's target risk range of 1x10° to 1x10™.

The total hazard index (HI) is 0.05 for the offsite gas facility worker. This value is well below a
HIof 1.0.
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Table 5
Summary of Cancer and Noncancer Risks
Total Excess | Total
Lifetime Hazard
Exposure Area Media Receptors Cancer Risk | Index
Soil Construction Worker 1 7E-06 0.2
Plant Area Construction Worker 2 7E-06 1
Soil Utility Worker 3E-06 0.05
Sediment Adolescent Trespasser 7E-06 02
Soil Adolescent Trespasser 3E-07 0.01
Soil and Sediment Groundskeeper 8E-05 0.5
Grassy Area -
Future Site Worker 1E-04 0.7
Soil and Sediment Construction Worker 1 5E-05 2
Construction Worker 2 SE-05 8
Arlington Avenue Sediment Adolescent Recreator 4E-07 0.01
Railroad Ditch Sediment Adolescent Recreator 2E-06 0.05
Off Site Natural Gas Soil
Facility Adult Worker 8E-06 0.05

54 Lead Risk Assessment
5.4.1 Adult Lead Model

Blood lead levels (BLLs) in adolescents and adults are assessed using USEPA’s Adult Lead
Model (ALM) (USEPA, 1996). USEPA's Adult Blood Lead Model predicts a median BLL estimate for
an adult as a function of the baseline BLL plus an increment that is attributable to exposure to site soil.
This increment is a function of the biokinetic slope factor, the concentration of lead in soil, the soil
ingestion rate, the fraction of lead in soil that is absorbed, and the exposure frequency. EPA has selected

a target BLL for an adult female, in order to protect a developing fetus such that no more than 5% of

fetuses would be expected to have BLLs exceeding 10 pg/dL.

The basic form of the equation for the ALM is as follows:

(EF x AF x PbS x IR x BKSF)
AT

BLL

adult

= PbB +

The input values used in the model are summarized in Table 6 and described below. First, an
average baseline lead concentration in blood (PbBy,.) for adults is identified to account for continuing

exposure to background levels of lead in food, soil, and dust, and pre-existing body burdens due to prior
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lead exposures. Baseline BLLs were obtained from the most recent National Health and Nutrition
Examination Survey, from 1999-2000 (NHANES, 2000) (U.S. Public Health Service, 2004) (see
Appendix E). For adults we used the geometric mean (GM) and geometric standard deviation (GSD)
BLLs for women of childbearing age (age 20-49). For the adolescent trespasser, we used the GM and
GSD BLLs for males and females combined, for 13-18 year olds. To this baseline, the model adds the

incremental increase in blood lead due to the lead source of interest (in this case, exposure to lead via

ingestion of soil).

The concentration of lead in soil (PbS) is the mean lead concentration in each exposure area.
Lead uptake is calculated by multiplying the concentration of lead in soil by the soil ingestion rate (IR)
and the absorption fraction (AF) for lead in soil. The AF is the amount of lead that is absorbed into the
bloodstream from the gastrointestinal tract. The exposure frequency (EF) varies by receptor and
exposure area. The EFs used for each receptor are presented in Table 3. The averaging time (AT) for
chronic exposure to lead in soil is assumed to be one year (i.e., 365 days). The biokinetic slope factor
(BKSF) relates the incremental lead uptake into the body to an incremental increase in blood lead level in

adults. USEPA's default value of 0.4 was used for the BKSF.
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Table 6
Adult Lead Model Input Values
Term Definition Value
PbBy Geomean baseline BLL (pg/dL) for Adult females
(age 20-49 yr) from NHANES 2000 12
GSD Geometric standard deviation for Adult females 1.8
PbBy Geomean baseline BLL (ug/dL) for 13-18 yr old 1.1
males and females
GSD Geometric standard deviation for 13-18 yr old males 1.8
and females
EF Exposure Frequency (i.e., number of days during the Receptor-specific
averaging time an individual is exposed to the lead
source being evaluated (days))
AT Averaging Time (days) 365
PbS Soil lead concentration (g/g) Area-Specific
IR Soil Ingestion Rate (g/day) Receptor-specific
0.050r0.10
AF Fraction of ingested lead absorbed into the blood 0.12
stream (dimensionless)
BKSF Biokinetic Slope Factor (change in blood lead per ug 04

change in daily lead uptake) (pg/dL per pg/day)

Total BLLs for adults are predicted by adding the estimated incremental increase in blood lead to
the average baseline BLL. A geometric standard deviation (GSD) appropriate for adults is used to
estimate the probable range of BLLs around the predicted geometric mean adult BLL from the model.

For this evaluation, we used the actual GSDs for the BLLs obtained from the NHANES-2000 database.

BLLs estimated using the ALM are evaluated based on a comparison to the USEPA risk
management criterion for lead. Specifically, the health protection goal of the USEPA Office of Solid
Waste and Emergency Response is to "limit exposure to soil lead levels such that a typical (or
hypothetical) child or group of similarly exposed children would have an estimated risk of no more than
5% of exceeding a blood lead of 10 pg/dL" (USEPA, 1998). The Centers for Disease Control (CDC)
recommend that "the goal of all lead poisoning prevention activities should be to reduce children’s BLLs
below 10 pg/dL" (CDC, 1991). Based on a goal of keeping the BLL in children at or below 10 pg/dL,
the BLL for women of child-bearing age should not exceed 11.1 pg/dL, because the fetal BLL is
approximately 90% of the maternal BLL (i.e., 90% of 11.1 pug/dL is 10 pg/dL). A BLL goal of 10 pg/dL

was used for the adolescent trespasser.
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l The adult lead modeling results for all receptors, along with the input values, the predicted BLLs,
‘ and the probability of exceeding the target BLL, are presented in Table 7. The adult lead modeling

results are discussed below by exposure area. The dermal exposure route for lead in soil was not

evaluated because this exposure route is typically insignificant when compared to ingestion. The ALM

makes no provision for assessing dermal exposures.
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Table 7
Summary of Lead Risks and Cleanup Goals
PbB Values for Non-Residential Exposure Scenario i
Exposure Equation’ Onsite Grassy Area V/
Construction Construction Construction
Variable 1* 2k Description of Exposure Variable Units Worker 1 Worker 2 Utility Worker |Grounds-keeper Worker Worker 1
Exposure Mediuni Soil Sail Soil Soil/Sed Soil/Sed Soil/Sed
Soil Exposure Depth 0-5fi 0-5 ft 0-5ft 0-6" 0-6" 0-30"
PbS X Soil lead concentration ug/gorppm | 20,26@ 20,266 20,266 20,158 20,158 13,392
| n— X X |Fetal/maternal PbB ratio - 0.9 0.9 0.9 0.9 0.9 0.9
BKSF X | x |Biokinetic Stope Factor “i’gd/';apye' 0.4 0.4 0.4 0.4 0.4 0.4
GSD; X X |Geometric standard deviation PbB -- 1.8 1.8 1.8 1.8 1.8 1.8
PbB, X X  {Baseline PbB ug/dL 1.2 1.2 1.2 1.2 1.2 1.2
IRs X Soil ingestion rate g/day 0.100 0.100 0.100 0.050 0.050 0.100
IRs,p X _ {Total ingestion rate of outdoor soil and indoor dust glday - - - -- = =
Ws X |Weighting factor; fraction of IRg,, ingested as outdoor soil -- - - -- - - -
Ksp X [Mass fraction of soil in dust - -- -- -- -- - --
AFs p X X |Absorption fraction - 0.12 0.12 0.12 0.12 0.12 0.12
EFs » X X |Exposure frequency days/yr 50 250 10 50 144 50
ATs p X X |Averaging time days/yr 365 365 365 365 365 365
PLB, i PbB of adult worker, geometric mean ug/dL 15 68 39 7.8 20 10
PbBp..1 095 95th percentile PbB among fetuses of adult workers ug/dL 34 161 9.1 19 48 24
PbB, Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0 10.0 10.0
P(PbB.., > PbB) |Probability that fetal PbB > PbB,, assuming lognormal distribution %o 68%- \/ 100% /| 4% 28% 85:% 43%
PRG Preliminary Remediation Goal (PRG) mgkg 4601 920 -- 9201 | >319\5>"'*“ 4601
RAL Remedial Action Level mg/kg 78,900 8,470 -- 73,900 16,665 43,300
S
Footnotes:
Construction Worker 1 is as described in the risk assessment work plan, i.e., short-term projects spread out over a 5 year period.
Construction Worker 2 presupposes redeveiopment of the property including a year-long excavation/construction scenario for new buildings. .l

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead .
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil {/ ! 4

-
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Table 7
Summary of Lead Risks and Cleanup Goals (cont'd)

PbB Values for Non-Residential Exposure Scenario
Railroad Offsite Gas
Exposure Equation' Grassy Area Arlington Ave Ditches Facility
Construction
Variable 1% | 2** Description of Exposure Variable Units Worker 2 Trespasser Trespasser Recreator Recreator Worker
Exposure Medium Soil/Sed Soil Sediment Sediment Sediment Soil
Soil Exposure Depth 0-30" . 0-6" 0-6" 0-3" 0-3" 0-6"
PbS X | X [Soil lead concentration ug/gorppm | ¢ 13,392 1,908 89,100 3032 5150 1311
Riutatimacerna X X |Fetal/maternal PbB ratio - \"6")’/ 0.9 0.9 0.9 0.9 0.9
BKSF X | x |Bickinetic Stope Factor “i;d/](;:;” 0.4 0.4 0.4 0.4 0.4 0.4
GSD; X | X |Geometric standard deviation PbB - 1.8 1.8 1.8 1.8 1.8 18
PbB, X |Baseline PbB ug/dL 12 1.1 11 1.1 L 12
IRs X Soil ingestion rate g/day 0.100 0.050 0.050 0.050 0.050 0.050
Rsep X ]Total ingestion rate of outdoor soil and indoor dust g/day - - - - - -
Ws X |Weighting factor; fraction of IRg,p ingested as outdoor soil - - - - . - -
Ksp X [Mass fraction of soil in dust - - - - - -- --
| AFs p X X ]Absorption fraction - 0.12 0.12 0.12 0.12 012 0.12
EFs p X X |Exposure frequency days/yr 250 21 21 42 42 225
ATs p X X ]Averaging time days/yr 365 168 168 168 168 365
PbB g PbB of adult worker, geometric mean ug/dL 45 1.7 27.8 2.9 4.2 3.1
PbBiewt 0.95 95th percentile PbB among fetuses of adult workers ug/dL 107 4.0 65.9 6.9 9.9 7.4
PbB, Target PbB level of concem {e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0 10.0 10.0
P(PbBgey,; > PbB,)  |Probability that fetal PbB > PbB,, assuming lognormal distribution % 99% 0.1% 94% 1% 5% 2%
PRG Preliminary Remediation Goal (PRG) ppm 920 - 10,417 — - -
RAL Remedial Action Level (4,954 ) - 34,000 - - -

Foomotes: Construction Worker 1 is as described in the risk assessment work plan, i.e., short-term projects spread out Over a 5 year period.
Construction Worker 2 presupposes redevelopment of the property including a year-long excavation/construction scenario for new buildings.
Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil
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5.4.2 Main Facility Area

In the main facility area, lead risks were evaluated for two types of construction workers and a
utility worker exposed to subsurface soil (0-5 ft). The predicted 95™ percentile fetal BLLs are 34 pg/dL
for Construction Worker 1, 161 pug/dL for Construction Worker 2, and 9.1 pg/dL for the utility worker.
The predicted BLL for the fetus of both construction workers exceeds the BLL goal of 10 pg/dL, thus
lead in subsurface soil poses an unacceptable risk in the main facility area. The exceedance is due to the
elevated subsurface soil EPC of 20,266 mg/kg, which represents the average concentration for depths of
0-5 ft across the site. The utility worker has a much lower exposure frequency than the construction

worker, thus his predicted 95™ percentile BLL is below the adult 95™ percentile goal of 10 pg/dL.

54.3 Grassy Area

In the grassy area, lead risks were evaluated for a future site worker, a groundskeeper, two types
of construction workers, an adolescent trespasser exposed to surface soil, and an adolescent trespasser
exposed to sediment. The predicted 95 percentile fetal BLLs are 19 pg/dL for the groundskeeper, 48
pg/dL for the future site worker, 24 pg/dL for Construction Worker 1, 107 pg/dL for Construction
Worker 2, 4 pg/dL for the trespasser exposed to soil, and 66 pg/dL for the trespasser exposed to
sediment. The predicted fetal BLLs for all receptors except for the trespasser exposed to lead in soil

exceed the BLL goal of 10 pug/dL, thus lead in soil and sediment poses an unacceptable risk in this

exposure area.

54.4 Arlington Avenue

In the Arlington Avenue area, lead risks were evaluated for an adolescent recreator exposed to
surface sediment. The predicted 95™ percentile fetal BLL is 6.9 pg/dL for this adolescent recreator. The

predicted BLL is below the goal of 10 ug/dL, therefore, lead does not pose a significant risk to a

recreator exposed to surface sediment in this exposure area.

5.4.5 Railroad Ditch

In the Railroad Ditch area, lead risks were evaluated for an adolescent recreator exposed to

surface sediment. The predicted 95" percentile fetal BLL is 9.9 pg/dL for this adolescent recreator. The
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predicted BLL is below the goal of 10 pg/dL, therefore, lead does not pose a significant risk to a

recreator exposed to surface sediment in this exposure area.

5.4.6 Offsite Natural Gas Facility

At the offsite natural gas facility, lead risks were evaluated for an offsite worker exposed to
surface soil. The predicted 95" percentile fetal BLL is 7.4 pg/dL for the offsite worker. The predicted

BLL is below the goal of 10 ug/dL, therefore, lead does not pose a significant risk to a worker exposed to

surface soil in this exposure area.

5.5 Uncertainty Analysis

The process of evaluating human health risks involves multiple steps. Inherent in each step of
the process are uncertainties that ultimately affect the final risk estimates. Uncertainties may exist in
numerous areas, including sample collection, laboratory analysis, derivation of toxicity values, and
estimation of potential site exposures. These uncertainties may result in either an over- or under-
estimation of risks. However, for this risk assessment, where uncertainties existed, Gradient took a
conservative approach in regards to parameters, assumptions, and methodologies, so as to overestimate

potential exposures and risks. The most important contributors to uncertainty in this risk assessment are

discussed below.

5.5.1 Uncertainties in Exposure Assessment

Soil Ingestion Rate. Lead risks were evaluated for onsite workers and grassy area construction

workers using a soil ingestion rate of 0.10 g/day while all other receptors were evaluated using the 0.05

g/day default. The lead risks use an average soil ingestion rate, because average inputs are required by

the ALM. Arsenic risks were evaluated using 0.330 g/day for the onsite and construction workers,
0.100 g/day for the groundskeeper, and 0.050 g/day for all other receptors. The arsenic risks use a high-
end ingestion rate that represents the "reasonable maximum exposure” or RME. However, a survey of
recent literature suggests that the average soil ingestion rate value for adults is closer to 0.02 g/day

(Bowers et al., 1994). Therefore, the soil ingestion rates used here are conservative in that they will tend

to overestimate risk.
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Lead Absorption Fraction. A lead absorption fraction used in the ALM was USEPA’s default
value of 0.12. This value is based on 20% absorption of lead from water, and 60% relative
bioavailability of lead from soil (0.20 x 0.60 = 0.12). The 20% absorption of lead from water is an
upper-end value based on consumption on an empty stomach. This is a conservative assumption that may
overestimate risk. O’Flaherty (1993) suggests that a value of 8% may be a more appropriate absorption
value for food and water in adults. This value assumes that people consume food at average mealtimes
throughout the day, therefore the lead absorption rate is slower due to the presence of food in the
stomach. If we use an adult soil ingestion rate of 0.02 g/day, combined with a lead absorption fraction of
8% (or for soil, 0.08 x 0.6 = 0.048), we find that the lead risks calculated for adult receptors could be on
the order of 60-70% lower than those presented here. Thus the adult lead risks presented in this report

are likely conservative overestimates.

Fraction from site. Each receptor’s daily soil exposure was assumed to be solely from impacted
soil within the exposure area. This is a conservative assumption, since it is expected that workers would
be at the site for only 8 hours a day, and would be exposed to soil and dust from other sources during the
remaining part of each day (e.g., from home). For instance, in the grassy area, the exposure is likely
overestimated for the future site worker, since we assumed he would obtain 100% of this daily soil

ingestion during the hour or so that he visits the grassy area at lunchtime.

Exposure Duration. Gradient assumed an upper bound (95™ percentile) exposure duration of 25
years for the future site worker, groundskeeper, and offsite gas facility worker (USEPA, 1991). This
assumption is conservative and is likely to result in an overestimate of exposure and risk for most

workers, since many workers do not remain at the same job for 25 years.

5.5.2 Uncertainties in Arsenic Risk Assessment

Risk management decisions for arsenic are confounded by the unusual nature of natural arsenic
background risks, which for both food and water yield cancer risks of 10* or higher, and because of the
substantial uncertainty associated with the arsenic cancer slope factor. This section describes some of

the unique uncertainties associated with arsenic. In general, the assumptions we have used tend to

overestimate arsenic risks.
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5.5.2.1 Background Levels of Arsenic in Food, Water, Air, and Soil

Humans are exposed to low levels of arsenic in food, water, air, and soil (ATSDR, 2000). Food
is typically the largest source of arsenic exposure, with dietary exposure accounting for about 70% of the
daily intake of inorganic arsenic (Borum and Abernathy, 1994). The U.S. EPA estimates that the U.S.
population ingests approximately 18 pg of inorganic arsenic every day from food (USEPA 1988). This
translates into a 4x10 cancer risk estimate based on continuous lifetime exposure, and EPA’s current

assessment of the carcinogenic potential of arsenic.

In the U.S., the average background level of arsenic in drinking water is approximately 2 pug/L
(ATSDR, 2000). The recent U.S. EPA rule allows a permissible level or maximum contaminant level
(MCL) of 10 ug/L arsenic in drinking water (USEPA, 2001a), a 5-fold lower value than the prior MCL of
50 ug/L. The rule allows community and non-transient, non-community water systems 5 years to attain
compliance with the new MCL. Assuming the average background level and an ingestion rate of 2 L
drinking water per day, an adult would ingest 4 g inorganic arsenic per day. At the new MCL of 10
pg/L, an adult would ingest 20 pg inorganic arsenic per day, while at the old MCL of 50 ug/L, an adult
would ingest 100 pg inorganic arsenic per day. These values translate into a range of cancer risk
estimates between 9x10” and 2x10” based on continuous lifetime exposure, and EPA’s current
assessment of the carcinogenic potential of arsenic. EPA currently estimates that approximately 11

million people in the U.S. are served by community water systems with arsenic levels above the revised

MCL. These people therefore have a cancer risk from water alone above 4x10™.

The mean levels of arsenic in ambient air range from less than 1 to 3 ng/m’ in rural areas and
from 20 to 30 ng/m’ in urban areas (ATSDR, 2000). Assuming an inhalation rate of 20 m*/day, an adult
would breathe in less than 0.02 to 0.06 ug inorganic arsenic per day in rural areas, and 0.4 to 0.6 ug in
urban areas. Arsenic levels could be higher in urban areas due to emissions from coal-fired power plants.
However, the maximum concentrations measured in a 24-hour period are generally below 100 ng/m’

(ATSDR, 2000). These background values translate into a range of cancer risk estimates between 4x10”
and 1x107.

Background arsenic levels in soil in Indiana range from 3.6 to 15 mg/kg, with an average

concentration of 7.5 mg/kg (Dragun and Chiasson, 1991).
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Total cancer risk from a combination of background exposures to arsenic in food, water, air, and

soil may be as high as between 10* and 10 for a substantial portion of the U.S. population.

5.5.2.2 Body Burdens of Arsenic

Soil arsenic has a modest impact on body burden, as evidenced by urinary arsenic levels.
Although elevated urinary arsenic levels were reported to be associated with very high soil arsenic levels
near copper smelters (Baker et al., 1977; Binder et al., 1987), several studies consistently demonstrated
that very low urinary arsenic levels were produced from soil arsenic concentrations below 200 mg/kg. In
addition, the Anaconda, MT study demonstrated that urinary arsenic levels were unaffected by soil
arsenic levels as high as 500 mg/kg. This observation occurs in part because of the small impact of soil

arsenic relative to the impact of background levels of arsenic in food and water.

55.23 Bioavailability of Arsenic in Soil

Another explanation for the minor impact of soil arsenic on body burdens of arsenic is that
arsenic in soil has a relatively low bioavailability and is absorbed into the body (i.e., bloodstream) less
efficiently than arsenic in water, the form used by U.S. EPA for the arsenic cancer slope factor. The
bioavailability of arsenic in soil depends on two steps: solubilization in gastrointestinal (GI) fluids and
absorption across the GI epithelium into the bloodstream (Valberg et al., 1997). Both the solubilization
and absorption depend on a variety of factors including the chemical forms of arsenic, the mode of intake

by the individual (with or without food, type of food), and the nutritional status, which affects the pH
throughout the GI tract, and GI transit time.

The solubility of arsenic depends on soil particle size and the associated soil matrix materials.
Particle size affects solubility because larger particles dissolve more slowly than smaller particles, hence,
the percentage dissolved during GI transit time increases as particle size decreases. Solubility of arsenic
may be limited when insoluble matrix minerals (e.g., quartz) encase arsenic compounds. Similarly,
formation of iron-arsenic oxides and phosphates, and prevalence of authigenic carbonate and silicate
complexes also limit the solubility of arsenic (Davis et al., 1992, 1996). The solubility in the GI tract is
complex since the pH conditions change from Jow pH in the stomach to a much higher pH in the small
intestine. Readily soluble arsenic compounds, such as arsenate and arsenite, are more bioavailable than

poorly soluble arsenic compounds, such as arsenic trioxide (ATSDR, 2000).
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Several animal studies have evaluated the bioavailability of soil-bound arsenic. Results from
Freeman et al. (1993 and 1995) and Groen et al. (1994) indicated that soil-bound arsenic is not as
bioavailable as arsenic in solution. The bioavailability of soil arsenic relative to aqueous arsenic
administered by gavage was approximately 20 percent in monkeys and 48 percent in rabbits. The higher
relative bioavailability in rabbits reflected the higher absolute bioavailability in this species. This was
much lower than the 64 to 69 percent of arsenic recovered in urine after ingestion of dissolved arsenic by
human volunteers (Johnson and Farmer, 1991). Casteel et al. (1997) conducted a multi-year
investigation of bioavailability of metals in soil and mine wastes using young swine whose GI system is
more similar to humans than other animals. The relative bioavailability of arsenic in soils at various
mining and smelting sites ranged from 7 to 52%, which agreed with the results of previous studies by
Freeman et al. and Groen et al. Rodriguez et al. (1999) performed a similar swine study that reported the
range of 2.7 to 42.8% relative bioavailability of arsenic in soil. Based on Gradient's literature review, a
relative bioavailability of 50% is the maximum value reported in any of the peer-reviewed, published
arsenic bioavailability studies. This evaluation used a relative bioavailability of 80%, based on guidance

from USEPA Region 10. The relative bioavailability of 80% is thus likely to overestimate arsenic risks.

5.5.24 Cancer Slope Factor (CSF) for Arsenic

Reports on arsenic toxicity in humans are largely based on exposure to arsenic compounds in
media other than soil, for example, consumption of drinking water and inhalation in occupational
settings. USEPA has derived toxicity factors, i.e., reference dose (RfD) and cancer slope factor (CSF),
for ingested arsenic based on data from a Taiwanese study evaluating the health effects associated with
the consumption of water containing high concentrations of arsenic (Chen et al., 1985; Tseng et al.,
1968). Although the application of the population data used to derive the RfD and CSF has been heavily
debated (Carlson-Lynch et al., 1994; Smith er al., 1995; Beck et al., 1995, Mushak and Crocetti, 1995,

1996; Slayton et al., 1996), the values derived are generally believed to be conservative.

The CSF is based on skin cancer observed in a study of over 40,000 people in Taiwan who were
exposed for a significant portion of their lifetime to elevated levels of arsenic in groundwater. Although
the study clearly indicates an association between high levels of arsenic exposure and cancer, the study

design limits its usefulness to derive precise dose-response relationships. The reasons are summarized

below:
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Exposure Assessment. There are considerable scientific concerns about the exposure estimates
in the Taiwanese study (USEPA Region 6, 1998). Individual exposures were not characterized,
and exposures were based on average arsenic concentrations of ground water in wells in each
village. The amount of exposure was broadly classified into three groups (high, medium and
low) and the original data were not available. The analytical method used to measure arsenic
concentrations may not be accurate at fow levels.

Human-to-Human Variation. In general, dose levels, genetic factors, dietary patterns, or other
life style factors may alter arsenic metabolism and detoxification in different populations
(USEPA Region 6, 1998). Taiwanese may be more susceptible than U.S. population, and
therefore CSF based on Taiwanese population may overestimate cancer for U.S. population. The
protein deficiencies in Taiwanese diets could affect their ability to methylate and therefore
detoxify arsenic, leading to an increase in cancer risk. Consequently, extrapolation from one
population to another becomes highly uncertain.

Other Sources of Exposure. When the U.S. EPA derived the CSF, they did not take into
account other possible sources of arsenic in the Taiwanese diet (e.g., from rice and yams) and
dietary uses of drinking water. Hence, the assumptions used by the U.S. EPA in deriving toxicity
values for arsenic underestimate the total arsenic intake, and as a result, the CSF may
overestimate cancer risks.

Non-Linear Dose-Response. A recent U.S. EPA panel concluded that the dose-response for
arsenic appeared to be non-linear (USEPA, 1997b), and the U.S. EPA Region 6 concluded that
the available data “support a plausible threshold” (USEPA Region 6, 1998). The possible sub-
linear or threshold dose-response relationship suggests that cancer risk at low doses of arsenic
may be less than predicted based on a linear model.

Arsenic Differs in Water and Soil. Health effects associated with arsenic in water may not be
relevant to assess the toxicity in soil (Valberg et al., 1997). Arsenic exists in different chemical
forms in water and soil, which may lead to potential differences in systemic bioavailability and
dose-to-target organ. The relative proportion of overall arsenic intake and the correlation with
urinary-arsenic concentrations may also be different between arsenic in water and soil. The
differences will ultimately impact the overall potential for adverse health effects.

Overall, these uncertainties limit precise quantification of the dose-response relationship, but
suggest the current CSF may overestimate cancer risks for a U.S. population exposed to lower levels of
arsenic. Two recently published articles provide evidence that the CSF overestimates the cancer risk for
arsenic as applied to drinking water studies outside the U.S. (Guo and Valberg, 1997) and within the U.S.
(Valberg et al., 1998). These papers report a meta-analysis of epidemiological studies evaluating the skin
cancer incidence of 29 populations in India, Japan, Mexico, Taiwan and the U.S. who were exposed to
1.17 to 270 pg/L arsenic in water. The authors evaluated the validity of U.S. EPA arsenic CSF model to
predict the expected number of skin cancers by conducting a likelihood ratio analysis. This analysis
showed that a null hypothesis of no additional skin cancer risk from arsenic was approximately two times

more likely than the hypothesis of the predicted rate of skin cancer from arsenic. This analysis indicated
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that the CSF derived from arsenic exposure in the Taiwanese populations is likely to be an overestimate

when applied to the U.S. populations.

Additionally, in the epidemiological studies of a U.S. population that has been exposed to arsenic
in drinking water, no increased cancer rate has been observed (USEPA Region 6, 1998). This is further

supported by studies of individuals exposed to arsenic in soil who thus far have not indicated any toxicity

(Binder et al., 1987; Wong et al., 1992).

5.5.2.5 Summary of Arsenic Risks and Uncertainty

Any effect of arsenic in soil on total arsenic body burden is difficult to observe as a result of the
commonly reduced bioavailability of arsenic in soil, and the extent to which soil's contribution to body
burden is overwhelmed by background levels of arsenic in food and water. Coupling these
considerations with the uncertainty in the derivation of the arsenic cancer slope factor suggest that an

acceptable risk level for soil arsenic may be close to 10,

5.5.3 Uncertainties in Risk Characterization

Uncertainties associated with the first three steps of the risk assessment (data collection,
exposure assessment, and toxicity assessment) are incorporated into the risk estimates in the risk
characterization step. Although there are numerous uncertainties associated with this risk assessment,

the incorporation of a large number of conservative assumptions has yielded risk estimates that are likely

to overestimate actual site risks.
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I . 6 Soil Lead Cleanup Levels and Residual Risk

6.1 Soil Cléanup Levels

Lead risks are unacceptable for both construction workers in the main facility area, and the
groundskeeper, the future site worker, both construction workers, and the trespasser exposed to sediment

in the grassy area. Therefore, soil lead cleanup levels were calculated for these scenarios.

A preliminary remediation goal (PRG) is the average concentration in an exposure area that will
result in an acceptable risk to a particular receptor. PRGs are risk-based target cleanup levels that must
be met on average throughout the exposure area. It is acceptable to leave concentrations that exceed the

cleanup level, so long as the post-remediation average concentration does not exceed the risk-based

cleanup level.

The Remedial Action Level (RAL) is the concentration above which soil must be removed, so
|

| that the post-remediation average concentration meets the specified target cleanup level (USEPA,
2001b). The RAL is a remedial action goal (i.e., a remediation trigger concentration) that ensures the post-
remediation average concentration at a site achieves the target cleanup level with a specified level of

confidence. It is important to note that the PRGs are specific to the receptor and exposure area for which

receptor. Therefore, it would not be appropriate to apply the lowest of all the PRGs or RALSs to all of the
exposure areas evaluated at the site. If the site was required to have only one PRG applicable to all areas,

then all of the site data would need to be combined and assessed as one exposure unit.

According to U.S. EPA guidance, a risk-based cleanup is achieved when the post-remediation

average concentration meets the risk-based cleanup level. The goal is to calculate a RAL so that the post-
remediation average concentration will achieve the risk-based target cleanup level (the PRG) with a

specified level of confidence. Gradient used a Confidence Removal Goal (CRG) algorithm (Bowers et al.,

1996)* to determine the RAL. The algorithm has been coded into a computer program which runs in Visual

Basic. The CRG algorithm accounts for the inherent uncertainty in characterizing the soil concentration and

? Bowers, TS; Shifrin, NS; Murphy, BL. 1996. "Statistical approach to meeting soil cleanup goals.” Environ. Sci. Technol. 30 (5)

:1437-1444.
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calculates the RAL so that there is a 95% certainty that the average of the post-remediation data (plus the

clean replacement fill) will be less than or equal to the PRG. This method is described in USEPA, 2001b.

PRGs for lead are presented in Table 7 for the receptors with unacceptable lead risks. RALs were
calculated for these receptors, assuming that excavated soil would be replaced with clean backfill
containing lead at 50 mg/kg. In the main facility area, the RAL is 78,900 mg/kg for Construction Worker
1; this scenario assumes that Exide retains the property, and that several small construction projects are
conducted over a 5 year period. In the main facility area, the RAL is 8,470 mg/kg for Construction
Worker 2; this scenario assumes that the facility is sold and undergoes a one year redevelopment project
involving subsurface excavation. In the grassy area, the RALSs for surface soil (O to 6 inches) are 73,900
mg/kg for the Groundskeeper, and 16,655 mg/kg for the Worker. In the grassy area, the RALs for
subsurface soil and sediment combined (0 to 30 inches) are 43,300 mg/kg for Construction Worker 1, and
4954 mg/kg for Construction Worker 2. In the grassy area, the RAL for sediment alone is 34,000 mg/kg
for the Trespasser. Appendix B shows the sample locations that would be subject to remediation for the
scenario with the lowest RAL in each exposure area. The governing lead RAL for each exposure area is
presented in Table 8. Appendix B shows that after removal of these samples, and replacement with clean

fill, the average of the post-remedial data points is less than the PRG.

Table 8
Governing Lead RAL for Each Exposure Area

Lead RAL
Exposure Area Media Receptor (mg/kg)
Onsite Main Construction Worker 1
Facility Area Soil (0-5 ft) (Property retained by Exide) 78,900
Onsite Main Construction Worker 2 /
Facility Area Soil (0-5 ft) (Property sold) 8,470
Grassy Area Soil and Sediment (0-6")  Future Site Worker 16,665

Construction Worker 1
Grassy Area Soil and Sediment (0-30")  (Property retained by Exide) 43,300

Construction Worker 2

Grassy Area Soil and Sediment (0-30")  (Property sold) 4,954'/
Grassy Area Sediment (0-6") Adolescent Trespasser 34,000
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‘ 6.2 Post-Remediation Residual Risk

Lead and arsenic concentrations are generally correlated, therefore, rather than calculate PRGs

and RALs for arsenic, we considered the effects of lead remediation on the arsenic risks. The residual

risk from arsenic was calculated assuming that soil was remediated for lead in the main facility area and

the grassy area. Residual arsenic risks were calculated for the receptors that had a cancer risk greater

than 1x107, or a hazard index greater than 1.0 (Table 9). The post-remediation arsenic data sets are

presented in Appendix D. We used the lead RALs that corresponded to the receptors listed in Table 9.

The post-remediation arsenic EPCs were calculated (using ProUCL) assuming that excavated soil was

replaced with clean backfill containing arsenic at 5 mg/kg (Table 9 and Appendix D). Residual cancer

risks range from 1x10° to 7x10°, and residual noncancer risks range from 0.03 to 0.2 (Table 9). On the

basis of this analysis, PRGs and RALs for arsenic are not needed and were therefore not calculated.

Table 9

Summary of Post-Remediation Risks for Arsenic

Pre-Remediation

Post-Remediation

Arsenic EPC  Cancer Hazard

Arsenic EPC Cancer Hazard

. 203030

Receptor/Exposure Pathway (mg/kg) Risk Index (mg/kg) Risk Index
Onsite Construction Worker 2 { \1_2/3,7) 7E-06 1 15.9 9E-07 0.1

49.2 - 4E-06 0.03 |
Grassy Area Site Worker 779 IE-OA}/ 0.7 49.2 7E-06 0.04 ‘
Grassy Area Construction ‘
Worker 1 818 5E-035 2 24.0 1E-06 004
Grassy Area Construction e ‘
Worker 2 (818 SE-05 8 24.0 IE06 02 \
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. 7 Conclusions

Cancer risks attributable to arsenic were calculated for receptors in five exposure areas. All of
the calculated cancer risks fall within or below USEPA’s target risk range of 1x10°® to 1x10™. Cancer
risks ranged from 3x107 to 1x10™. The exposure scenario with the highest excess lifetime cancer risk is

the future site worker in the grassy area (1x10®). The exposure pathway with the greatest contribution to

cancer risk is soil ingestion.

Noncancer risks attributable to arsenic were calculated for receptors in five exposure areas.
Noncancer risks exceeded USEPA's target hazard index of 1.0 for the onsite Construction Worker 2; and
Construction Workers | and 2 in the grassy area. The exposure scenario with the highest noncancer risk

is the grassy area Construction Worker 2 (HI of 7./6). The exposure pathway with the greatest

contribution to noncancer risk is soil ingestion.

Lead risks were evaluated for adult and/or adolescent receptors in five exposure areas. Lead
risks were evaluated by comparing the predicted fetal BLL for each receptor to USEPA's BLL goal of
10 pg/dL. Predicted 95™ percentile fetal BLLs exceeded USEPA goals for the following receptors:
Construction Workers 1 and 2 in the main facility area, the groundskeeper and future site worker exposed
to surface soil in the grassy area, Construction Workers 1 and 2 exposed to subsurface soil in the grassy
area, and the Trespasser exposed to sediment in the grassy area. The predicted 95™ percentile fetal BLL
did not exceed the USEPA goal for the following receptors: the Utility Worker in the main facility area,

the Trespasser exposed to soil in the grassy area, the Recreator in the Railroad Ditch, the Recreator along

Arlington Ave, and the Offsite Gas Facility Worker.

PRGs and RALs were calculated for lead, for the receptors with unacceptable lead risks. In the
main facility area onsite, the RAL is 78,900 mg/kg for Construction Worker 1, and 8,470 mg/kg for
Construction Worker 2. For grassy area surface soil, the RAL is 73,900 mg/kg for the Groundskeeper,
and 16,655 mg/kg for the Site Worker. For grassy area subsurface soil and sediment combined, the RAL
is 43,300 mg/kg for Construction Worker 1, and 4954 mg/kg for Construction Worker 2. For the grassy
area sediment alone, the RAL is 34,000 mg/kg for the Trespasser.

The residual risk from arsenic was calculated assuming that soil was remediated for lead in the
main facility area and the grassy area. Residual cancer risks range from 9x107 to 7x10°. Residual
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noncancer risks range from 0.03 to 0.2. All post-remediation residual risks for arsenic are within or

below EPA's target risk range for cancer and non-cancer risks.
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